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Report on furlough Studies, by €. 6. J{i'll, Jf.pl, 2>.Sc., professor 
of Jfatural Science, Jtfuir Central College, jTllahabad, 


1. Personal research and study .—Of all branches of Natural Science, that of 
Physical Chemistry is undoubtedly the one which has been most developed during 
the last lb or 16 years. This branch, however, is the one which in India has least 
attention given to it, because it is the one with which teachers themselves have least 
acquaintance and with which they have the least opportunity of becoming familiar. 
It was to Physical Chemistry and especially the practical side of Physical Chemistry 
that I devoted the greater part of my time, and to get the greatest advantage from 
my surround lags I entered as a research student in the University of Oxford. This 
was a somewhat unusual proceeding for one of my university standing, but it brought 
me into touch with both students and the tutorial staff, among which latter were 
several of my personal friends. Of the system prescribed for research students, I 
shall have to speak later. It is not necessary for me to refer to my own research 
beyond saying that I was eventually awarded the research degree of the- University. 
An account of my work appeared in the Journal of the Chemical Society, August 
1906 (append,i/x A). In addition to the research just mentioned I went through an 
advanced course of physical chemistry, one which is somewhat in excess of the require¬ 
ments of the University for its honours school, and I have prepared an advanced 
course which may be useful in India, chiefly from the course in use at Balliol 
College, where the laboratory is specially devoted to the study of physical chemistry. 

2. Scope of Report .—My work was not, of course, confined to actual study 
of chemistry and chemical methods, but was extended to the methods of study and 
the courses of study in vogue at Oxford. It is with these latter and with their com¬ 
parison and contrast with Indian methods that this report will largely deal, It will 
be as well to trace the career of a student from his matriculation to his final school, 
before attempting to describe the conditions under which he is allowed to begin 
original work. 

3. Preparatory work in Oxford and India compared, — Most, if not all, of 
the Oxford undergraduates, who intend to make a serious study of Chemistry, have 
already had a thorough grounding in the subject at school, and are prepared to take 
the Preliminary scientific examination without farther tuition. This examination 
is held during the first year of residence and is of a considerably higher standard 
than the Intermediate examination of Indian Universities, A. student taking up 
Chemistry is examined in Chemistry and Physics by both written papers and practi¬ 
cal tests. The Chemistry consists of elementary organic and inorganic, and simple 
inorganic analysis, and preparations, and is but little, if any, lower in standard than 
that of the Chemistry for the B,Sc. of Allahabad. The Physics is similarly higher 
than that for the Indian Intermediate examin ations and the examination also carries 
a practical test. There is no examination in Mathematics for the Preliminary 
Science, but many candidates with a mathematical bent offer themselves for Mathe¬ 
matical Moderations at the end of a year and then continue their chemical studies. 

After passing the Preliminary Science, which is strictly a pass as opposed to an 
honows examination, the student has practically nothing to study except his special 
subject, is. Physics or Chemistry. This report deals only with the latter subject. 
The usual time for the examination is at the end of the 4th year from matriculation, 
but it may be taken, at the end of the 3rd year. The average man has thus three full 
years after his Preliminary in which he can devote himself to Chemistry in its usual 
branches, and his course of studies would be more or less as follows. He would 
attend from three to six lectures a week given by University (as distinct from 
Collego) lecturers or by what may be called u privat docents, ” i.e. lecturers who are 
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allowed to lecture in the university lecture Balls. These lectures are arranged so 
as to break into the day’s practical work as little as possible, and are often given 
from 9-10 a.m. or 10-11 &.M., or sometimes in the evening. The rest .of the .morning 
is given to practical work at either the university or a college laboratory. The 
afternoon is occupied with some form of recreation, and the evening from 5-/ again, 
with practical work. Dinner is at 7, and the time after dinner is spent in.private 
reading. A diligent student would probably got through his practical course in two 
years’ time after the Preliminary Science if he worked on this plan, and would 
.‘possibly help in. a research for part of his 4th year or spend much of his time in 
reading original papers, specializing in some particular branch of chemistry. • The 
course given above is the public course open to all members of the university, but 
Oxford and Cambridge differ from all other universities, in that they consist 
of system of corporate institutions each of which assumes the responsibility 
for the tuition of its own undergraduate members. Not all colleges make pro¬ 
vision for the study of the Natural Sciences, but those which do so, have a 
special tutor whose business it is to look after the interests of the science students 
of his own college. This he does in many ways, ITe guides the student in his 
choice of the public lectures, arranges for his practical work, and as a general rule, 
supplements the university instruction by private tuition in the college. This latter 
method of instruction is in my opinion the most important feature of the Oxford 
system, since an enthusiastic tutor certainly stimulates enthusiasm in his pupils, and 
the system of private tuition gives opportunities for discussion and arousing interest 
which can never be afforded in public 'lectures. 

The extent of the course for the honour school is of course much greater than 
that for the B.A., or B.Sc., degree of Indian universities, and it is generally 
understood that the M.A., or 2nd D.Sc., examination of Allahabad more or less 
corresponds to the Oxford B.A. As a matter of fact such a correspondence did 
exist some six or seven years ago; but whereas Oxford has marched with, the times, 
Allahabad has remained precisely where she was when the new courses were insti¬ 
tuted, The reasons for this will, appear below. 

4. Low Indian Standard.—it must now be conceded that whereas an Oxford 
honours degree does fairly well fit a student for research Work, the same cannot 1» 
said so confidently of an Indian Master of Arts. The latter has a good working 
knowledge of text book chemistry and practical methods up to a certain point, but 
that point is now decidedly below the level attained by an Oxford graduate. For 
instance, as was indicated at the beginning of this report, practical physical chemis¬ 
try is only known in Indian Universities in its most elementary form,.but in Oxford 
one laboratory (Bnlliol) gives up all other subjects in order to specialize in that 
branch alone. In organic chemistry much highly important modern work (such as 
that of Hantzsch on the Pseudo-acids to give only one example), has been ignored 
in India, simply because it has not yet filtered into the text books. Thus it will be 
seen without further enlargement that both in practical and theoretical work Indian 
universities have again fallen, behind. It is as well to consider whether this is a 
necessity, and if not so, whore the remedy lies. 

It has already been stated that after the Preliminary Science the Oxford 
student hag three years of specialized work in Chemistry, and to this may now he 
added that he works under highly favourable conditions and with the best 
instruction. But the Indian student on the other hand works at Chemistry as a 
special subject for only two years after passing an examination of a corresponding 
standard in Chemistry and Physics (he lias or had till recently, it is true, the great 
advantage of extra mathematics), so that the Oxford man has a clear advantage 
of a,whole year’s work. In the present writer’s opinion this year must be made 
up in one way or another, not necessarily for the M. A. examination, but certainly 
for the doctor’s degree which is awarded for original work. This can be done 
in two ways, The course for the doctorate may be extended by one year, that is? 
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to say, a candidate for the degree should be a Master of two years' Standing, 
or the IlSe. standard may be raised. Either of these courses is perfectly practical. 

At present the Intermediate Chemistry course is almost ridiculously easy and 
it contains no practical work at all. A. good teacher can get through the 
Allahabad Course in one year working three hours a week. The course might 
thus be extended considerably. Similarly the course for the B.Sc. until last year 
contained no organic Chemistry. The introduction of this subject will undoubtedly 
allow a wider and deeper reading of students for the Master’s degree, but 
perhaps the point which is weakest in the whole Chemistry course in Allahabad is 
the practical work for the B.Sc. (there is none for the Intermediate !). 

This includes a very easy set of preparations and ordinary simple qualitative 
analysis, but no quantitative work of any kind. 

It would nob be impossible in a properly equipped and properly staffed 
laboratory to take almost the whole of the B.Sc. practical work and put it in the 
Intermediate bourse, certainly all the ‘ preparations' should ■ bo there. Then there 
would be room (almost a vaefium!) for some quantitative work in the B.So. 
course. It is most essential that a change should be made in the B.Sc. course, 
for the practical work there is already too light, and the change should be in the 
introduction of quantitative as distinct from qualitative work. A change on 
such lines should not be sudden, but on the other hand it should not be too 
gradual, and in the meantime the research strident will find that a year (the 
minimum time allowed by the Allahabad University) of post-gtaduato research 
work is not sufficient for a rosaarch degree. These remarks find striking confirma¬ 
tion in Professor Kuohler's Report on Physical Laboratories in Germany (page 

10 )- , ;■■ ■; ;V 

5. The Teaching Staff. —The above is only one reason for the lower standard 
of the degrees in Indian Universities. A second, arid equally,, if not more, 
important one lies in the teaching staff. The average Indian student is not 
stupid or slow to learn the physical sciences, oven when he begins them for the 
first time in College and not in School, but it is lamentably the fact that ha is as 
often as not, badly taught from the boglnuiug, and insufficiently taught as his 
work becomes more advanced. Now there' are very few, if any, colleges which 
confine their advanced classes to only those students who have received their 
elementary Instruction in their own lower classes, and the consequence is that, in 
the majority of colleges, a large percentage of' the students in B.Sc. (3rd and 
4th year) dashes. are derived from colleges of a lower grade altogether. They have 
often only just managed to scrape through the Intermediate examination. This 
fact obviously tends to keep down unduly the standard of the B.Sc. course. Thus 
the remark that one of the reasons for the low standard of Indian degrees lies in 
the teaching staff, does not necessarily imply defect in those who are instructors 
for the degree classes, but it implies a defect in the general average of the teaching 
staff in all classes from the very beginning. There is no doubt that things are 
slowly improving, but that so long as chomisbry or physics are taught from the 
book apart from practical work, in whatever class at all, so long will the teacher 
tend to deteriorate ; the converse holds equally true. The extension of practical 
work to all classes is a necessity. 

If we consider the M.A. classes, the highest classes for Chemistry or Physics, 
we find that the number of affiliated institutions is small indeed. It is so small 
that for obvious reasons a criticism of the staff is impossible. But a very serious 
question hero arises. If wo consider Northern India we find that there aro not 
more than half a dozen institutions which profess to be able to give M.A. 
instruction, that is to teach up to a standard which is admittedly lower than that 
of English University degree. In these institutions there is never more than one 
teacher for the course and he in every case has to assume the responsibility 
and share in the teaching for all the lower examinations, This defect will bo 
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referred to more fully subsequently. Another even more serious drawback to 
research is the fact that teachers do not keep up with the times. In fact, they 
cannot. They lack libraries, periodicals, in many cases materials, and not least 
they lack absolutely that intercourse with those engaged in similar scientific 
pursuits, which is the very spirit of progress. The above applies, in its degree to 
colleges of a lower standard. Those who are teaching up to the B.Sc. standard 
only, have no stimulus from keep abreast of the times. Our courses vary but little 
from year to year, and the majority of teachers are quite content to extend their 
knowledge as the courses are extended. 3onae suggestions will be made later in 
this report, for the amelioration of this state of affairs. 

6. Laboratories and Accommodation. —Since the introduction of Lord 
Cur?,on’s Education Bill, with the consequent inspection of all affiliated laboratories, 
these latter in the United Provinces have undoubtedly enormously improved. 
The majority of them are quite satisfactory for the work they undertake. There 
are moreover in India several laboratories of quite as high a standard as a first- 
class English one, and they differ from English ones only in their equipment. 
With the equipment of a research laboratory I shall have some remarks to make 
subsequently, but as regards a description of the laboratory building itself, there is 
no need to take up time or space. 

7. The Research Coarse.-— Hitherto my remarks have been limited to what 
I have called preparatory work, that is the period of study which is necessary to 
fit a student for independent or even assisted research, I now come to the Kesearch 
work proper. 

8. The post graduate course at Oxford. —In appendix B. will be found the 
regulations which concern the research degree at Oxford. To make the course 
quite clear this needs a little amplification. After taking his final examination 
and subsequently his B.A. degree a student wishing to take a research degree must 
decide on a subject in which be is prepared to carry on some original investigation, 
As a general rule ho is dependent on his college tutor, one of the university 
professors or readers, or some other official for his subject, and when ho has made 
his choice he sends in an. application to the Board to get his subject officially 
sanctioned. This step is a very useful one, because it prevents waste of time over 
an unsuitable subject, and at the same board meeting one or two tutors of some 
standing in the university are appointed as supervisors of the students. Supervisors 
are selected who have special knowledge in the subject which the student intends to 
investigate. The supervisors are intended to criticise the student’s work from time 
to time, to offer suggestions and to give advice if any peculiar difficulties crop up 
in the research, also to see that the whole of the practical work is actually done by 
the candidate himself. On the completion of his work a thesis embodying all the 
details of his research is submitted to the board by the student, when examiners are 
appointed who report on its merits. If it is up to the mark the degree is duly 
awarded. It should be added that the candidate may work in the university 
laboratory or in any college laboratory as ho wishes, or as he may find convenient. 

9. Amount of research at Oxford and its manifold Nature.-*- The research 
done by students is of course the least important of that which is going on at 
Oxford. Every professor or demonstrator, and tutor has his piece pf research 
which he carries on in the time which he can spare from his duties as a teacher, 
and naturally the field covered by these researches is very wide indeed. Even 
that of the research students is selected from many different branches of chemistry. 
While I was in Oxford there were about a dozen students wdrking or preparing 
for the research degree in chemistry, and the widely divergent natures of tho work 
going on at Oxford may be shown by the list of researches in progress last year 
(see appendix C.). 

10. Specialization at Oxford. —In this respect Oxford is perhaps rather 
different from German Universities, which tend to concentration more on the 
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particular subject in which the Professor and his chief assistant are specially 
interested. It must be remembered, However, that owing to the system of college 
tutors above described, the total number of teaching experts is much larger propor¬ 
tionate!} than in German. universities, and a wholesome spirit of co-operation 
and interchange exists between the colleges, which enables them to specialize ife 
particular branches of the science without any detriment to any of their own students 
whose inclinations may turn to some other branch. The University lecture list 
for the present year shows the large variety of lecture courses open to students, 
each of which is in the hands of a specialist, and it will he seen to include some 
seven different subjects given by fifteen different lecturers (see appendix D.), 
This does not include the college tuition mentioned above, Most of these courses 
are in a varying degree in advance of the requirements of the degree examination. 
To illustrate in some degree the maimer in which colleges interchange, and the 
benefit of the system to specialization, it is enough to say that Balliol takes physical 
chemistry, Christ Church inorganic, Magdalen quantitative analytical, while most 
of the organic work is done at the university laboratory. 

The feeling for the maintenance of the existing college laboratories as opposed 
to all work being carried on at the university laboratory is very strong and a 
new laboratory is in course of construction at Jesus College which will be opened 
next year, with a Fellow of the college in charge. The great benefit of the system 
is that it enables a college tutor to specialize in a degree which would bo quite 
impossible if his duties were more general, with the consequent advantages to the 
students. Thus the specialized inorganic chemist would have little or nothing to 
do with organic work and the students from Ms college would get their organic 
work done at some other laboratory and so forth. Now this specialization is of 
supreme importance in research and the guidance of research students. While 
dealing with this point, I should like to call attention to Professor KucMer’s 
remarks on the guidance of research in German Universities (Occasional Reports, 
1905, page 11). It is essential that a supervisor should be “conversant with the 
literature of all the work that has been done up to date in the special lino of 
research,” and it is obviously, as a rule, quite out of the question for a professor 
or tutor to direct studies in many different lines of research at the same time. 
Professor Kuehler’s remarks on this point deal with Physics, but they apply with 
equal truth to Chemistry, a science which has developed in the last twenty years 
into a group of sciences which no single intelligence can master. 

11. India and difficulties , — When we turn to Indian Universities we find 
a different set of conditions. Here each college is independent and instead of being 
a supplement to other similar institutions it is too often a rival, and specialization 
in different branches of Chemistry by a college is out of the question. In small 
colleges, as has been shown, teachers have no opportunities for becoming acquainted 
with recent work, much less of doing research work on their own account. 
The large colleges, those in which research work is being carried on for 
university degrees, are prevented from co-operation by distance, and we are 
confronted with one real difficulty to research in India which is the limited 
nature of the laboratory staff, and consequent impossibility of any college keeping 
abreast of the time in every branch of chemistry. If in Oxford it is recognised 
advisable for one man not to attempt to even teach all branches of Chemistry it 
is hardly possible in India for one instructor to stimulate research in all branches. 
Now, I do not wish these remarks to be understood as a protest that the staff of 
the laboratories is inadequate for the work which they at present undertake. On 
the contrary, for my own part, I have always found the Government of 
United Provinces and Government of India ready and anxious to meet 
reasonable demands for extra help, But it might be beneficial if colleges which 
profess to guide research in Chemistry, would agree among themselves to take 
special interest in different branches of the Science. It might even be advantageous 
ff the different universities did the same, a course of action which to some extent 
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at; any rate holds in German universities. Under some such system it would be 
possible for a student in, say, Lahore to come to Allahabad for his research course, 
or for some from Allahabad to go to Bombay or Calcutta, if his professor was of 
opinion that he would there get better assistance in his special, subject than at 
his own college,. 

12. Indiaib Professors and Research .—It is also of the greatest importance 
that the teachers in colleges which guide research should themselves do research 
work. Nothing stimulates research like research. A professor's work need not 
necessarily be of a deeper kind that than of his pupils, but he should always 
have something going on in which his students can take an interest and share. 
Every opportunity should he afforded to a science teacher to take either courses 
in European universities or to go for the purposes of study or actual research. 
It is astonishing how one research leads to another often of quite a different nature, 
and a term of work in Europe and the consequent association with others engaged 
in research is bound to result in a sheaf of new ideas which can be utilized for 
self and students on return to India. I mention this because I consider it very 
important that furlough studies should not be limited to pedagogics, but extended 
so as to iuclu.de the subject actually taught by the Professor. 

13. Libraries .—If there is one thing more than another which is absolutely 
essential in a college where research is carried on, it is a good library. In this 
respect Oxford is particularly well off. The scientific library known as the 
Radcliffe library adjoins the chemical laboratory, and it contains practically all 
the modern books on chemistry together with a valuable coll 6 etion of older works 
of historical value, and all journals of value bearing on chemistry. This library is 
a reference library only. No books may be taken away, but tables are provided 
which may be reserved for a term by students, and the library is largely used by 
them and professors alike for referring to articles in current literature and for 
abstracting. This library is largely supplemented by the various college libraries 
some of which are really excellent. Here again the tendency is for specialization, 
and the physical literature would be found in the laboratory devoted to physical 
chemistry, and so on. It must be understood that the literature in any research 
centre must be as comprehensive as possible ; it is otherwise quite impossible to know 
whether one is repeating work which has already been accomplished or is working 
in the right direction. In consequence of this German, French, and American as 
well as English journals and books must be included. I have drawn up a list of 
books and periodicals which are absolutely necessary in a research laboratory, but it 
would bo a great advantage if a larger central library could be instituted at some 
central institution, which could be used as a lending library for the whole of India, 
to supplement the university libraries which would be smaller. For instance, it is 
not necessary for each research institution, to possess complete sets of all the 
periodicals, but there should be one complete set available in India. Similarly all the 
American and even English and German journals are not needful, but these again 
ought to be within a few days’ reach. Allahabad would be a suitable spot for such a 
central library, where there is already a large library under Government control, but 
of course there are other equally suitable places, and the Tata Institute, or Asiatic 
Society of Bengal in thie scheme (soo appendix E.). 

14, Scientific Societies .—-Undoubtedly one of the most important of all 
stimuli to research in Europe is the Scientific Society with its Journal. Such societies 
in Great Britain include the Royal Societies of London and Edinburgh, the 
Chemical Society of London, the Institute of Chemistry, the Society of Chemical 
Industry, and similar societies at the new provincial universities. It is in such 
institutions that chemists meet to read papers on and discuss their work, and in the 
journals that they publish their researches. In addition to these learned societies, 
we have the more local and less pretentious society or club in Oxford which, 
corresponds exactly to the colloquium or sminarkua of the German universities 
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(see Kachler, page 12). Sttch institutions at Oxford are the Junior Scientific 
Club and the Alembic Club, the latter of which confines itself to the study of 
Chemistry, while the: former is more comprehensive and includes other sciences. 
Each of these societies has its Journal in which papers of real value may be 
published, and. in addition to the ordinary meetings there is a grand annual meet¬ 
ing at. which some European savant gives a special lecture. The Junior Scientific 
Club also gives a catmrmzwnc with a special display of recent advances in the 
various branches of science. These two institutions have a very great educational 
value. The reading of original papers by the students, of the reproduction by a 
student of some important piece of recent research, together with the free discussions 
which follow such papers are invaluable, and I cannot express too warmly my entire 
agreement with Mr. Kuehlor’s remarks on the advantages of these meetings, 
(Occasional Reports, page 13). Here again, the distances between centres of 
learning,readers it difficult to found and carry on societies of the kind I have 
mentioned, but the time has come when some such steps should bo taken in each of 
our research centres. Such a society would be the colloquium of Germany and the 
larger co-ordinating society must for the present bo left as a goal for which to aim. 
With the introduction of research chemists in Forestry, Agriculture and Mining, 
its attainment is by no means impossible. Possibly an intermediate step would be 
the formation of a chemical section to the Asiatic Society of Bengal, whose journal 
would, even now, form a suitable medium for the publication of chemical notes on 
indigenous products. 

Since my return to India, I have been given to understand that the research 
chemists from the colleges of Agriculture and Forestry are to meet for discussion and 
formulation of plans yearly in Calcutta. It would be a great boon to Teachers in the 
provinces if they might be allowed to join these meetings and share in the discussions. 

15., Possibilities far Research i/n India and its Scope .—I hope that in the 
above I have made clear that it is practically impossible for Indian Universities to 
compete with those of Europe in research, and specially that it is impossible for 
any individual institution to be all embracing in its field of research ; also that the 
average Master of Arts is not thoroughly fitted to embark on origins! work. 

I am very far from meaning by these statements that research should have no 
place in our Indian Universities. It would seem that for the present at any rate 
the manner in which such research as that for the Oxford research degree (B.Sc.) or 
the German Ph.D. can be best helped on, is by the encouragement of somewhat 
specialized research by the Professors of government, institutions, and of research on 
indigeneous products. The Professors’ research is sure to have offshoots which can 
be handed over to students, while the latter is as a rule work of a comparatively simpler 
nature, and would be work such as a student might well embark on. withiu a year after 
his Master’s degree. The Agricultural Institute at Pusa and the Forest Department 
College at Dehra Dun might both give valuable assistance in suggesting indigenous 
products in which research might advantageously be carried on, and I should suggest 
that such institutions might also be affiliated to the universities for post-graduate 
research work. 

16. Equipment and grants fan' research .—That our laboratory buildings aro 
on the whole adequate, I have already mentioned,. I am afraid that most institutions 
are somewhat badly off in the matter of apparatus. Since my return to India I 
have been informed that any attempt of mine to introduce quantitative work into 
the B.Sc. course will be opposed by affiliated colleges because of the expense which 
would be incurred in the puehase of balances. This is typical of the attitude of 
many of our affiliated institutions towards progress. 

On the other hand in Government institutions where the grant for apparatus 
is liberal, there is too frequently the difficulty which arises from the fact that all 
large indents must go to England and so be delayed for a year at least, and 
secondly the difficulty arising from the impossibility of getting inexpensive but 
necessary bits of apparatus and chemicals in India. I am sorry to say that not 


only the Professor's but the student's research suffers in this way, and I cannot 
urge too strongly that either a more direct control of all the funds for Science should 
be given to the Professor, or that he should at any rate be given a special grant for 
the research department to be spent how, when and where ho finds it necessary. 
The recurring expenses need not be large, but in order to avoid delays through 
having* to order through the Secretary of State, I would suggest that an initial sum 
of say Rs. 1,500 should be put at his disposal with a recurring grant of Rs. 600 per 
annum. This should bo strictly limited to research and at the end of a year any 
unspent balance above Rs. 1,500 should lapse. 

The actual apparatus required for research work varies so much with the nature 
and conditions of the work that it cannot be discussed here. Any : well,.fitted 
laboratory is suitable for research work and advanced students gain a great deal 
from seeing research work carried on, so that the research room should not be 
isolated from the main laboratory. 
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APPENDIX A, 

CXXX.— The Hydrolysis of Ammonium Salts by Water. 

By Ernest George Hum. 

VeuBK has recently described (Trans., 1905, 87, 29) a method by which ho 
attempted to measure the amount of hydrolytic dissociation of aqueous solutions of 
ammonium salts. The method consisted in boiling the 'solutions in Jena flasks 
under an inverted condenser aud. estimating the loss of ammonia at the end of a 
given time, The results were not very satisfactory, but the conclusion was drawn 
that three cases are iwesentod: (1) that hydrolysis may be inappreciable, (2) that it 
may be dependent on dilution, (3) that it may be independent of the dilution beyond, 
a limiting value. Veley also showed that the extent to which various acids retain 
ammonia is more or less analogous to their avidity, but that, the absolute order of 
magnitude is not the same in the two cases, 

Veley’s most striking results wore those obtained from the nitrate and 
chlorate, which allowed the escape of comparatively large quantities of ammonia, 
whereas both nitric and chloric acid, being of the same order as hydrochloric, 
should hydrolyse to a very slight extent. Thus, taking hydrochloric acid as 100, 
Veley found the avidity of chloric acid to be $9, and he omitted nitric acid, from 
the discussion on the assumption that at the temperature of the experiment the 
nitric acid decomposed and caused, secondary reaotidns. Formic acid also gave 
anomalous results. 

It was suggested by Dr. Veley that measurements of the electric conductivity 
of the solutions of ammonium salts before and after treatment as in his experiments 
would give a more accurate means of determining the amount of hydrolysis, A few 
preliminary experiments showed that this was not so, and that in the case, for 
■example, of ammonium sulphate there was very little change, before or after boiling. 

The amount of ammonia escaping is so small, and the ionisation in the solution 
is so great, that tho variation in the conductivity of a normal or fifth-normal 
solution was almost inappreciable, and the method was abandoned. It seemed, 
however, possible that if the escaping ammonia could be led into pure water, the 
conductivity of the water might be used to measure the amount of ammonia evolved. 
This method proved much more satisfactory. 

Estimation of very dilute Ammonia by the Conductivity of its solution.— 
From the conductivity or resistance curve, it is possible to estimate the 
amount of ammonia which corresponds to any particular conductivity. Accord¬ 
ingly, if precautions are taken to avoid contamination of the water, it should be 
possible, by aspirating a current of purified air through a solution containing free 
ammonia, and passing the amraoniacal air'into conductivity water, to obtain a 
solution of ammonia in water, the conductivity of which is a measure of the 
ammonia dissolved. The method would be specially applicable when the ammonia 
to b© measured is very small. After a number of experiments with various forms of 
aspirators, flasks, and absorption vessels, it was found necessary to purify the 
aspirated air from all carbon dioxide, to secure a uniform rate of flow, to avoid 
transfer of the ammonia solution from one vessel to anothor, to avoid condensa¬ 
tion of water vapour on the limb of tho flask containing the ammonium salt solu¬ 
tion, and to measure accurately the ammonia solution before taking its conduc¬ 
tivity, also the air passing through the whole apparatus. 

These conditions were obtained as follows : 

Ike air was supplied from an ordinary gas holder and was purified by passing 
it through a series of wash bottles containing potassium hydroxide solution, and 
then through a tube containing glass wool moistened with water. The rate of flow 
was regulated once for all by placing a constricted capillary tube between tho 
purifiers and the laboratory vessel to be described. 
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The volume of air passed was measured by collecting it, after it hacl passed 
through the absorption vessel over water at 15°. in. a graduated 800 c*c, flask with 
a narrow neck* To avoid condensation of water vapour on any part of the 
apparatus before the ’.absorption vessel, a special form of vessel was designed for 
containing the'salt solutions,.every part of'which was kept at the temperature of 
steam, so that no condensation could take place until the air passing- through the. 
apparatus .had .reached tho absorption vessel And lastly, to avoid transfer of 
solutions and to obviate the difficulty of measuring the volume of the solution 
before taking its conductivity * the cell itself was graduated and was designed of 
such a pattern that it served as the absorption vessel. 

The Conductivity Cell and Absorption Vessel.—A' tube of about 4 min, 
cross section, bent twice at right- angles, was constricted at the end D and 
sealed into the cell E. The constriction ■ was • less than 1 mm* the diameter 
of the cell being about 10 mm. The coll wi$s about 6 cm. long, and at 
its upper end a tube of 6 rnm. diameter was sealed with a slight constriction at the 
joint* At a distance of 16 cm. from the cell, a small pipette-like bulb was. blown 
as a safety trap for any water forced up the tube, but this was never needed during 
the experiments. The electrodes were' as large as possible and about 5 mm apart* 
They were drawn up against the sides of the cell, so,as to be quite rigid, and the 
connecting wire passed intomercury cups ben t upwards and extending well above 
the cell* 

The cell was graduated on the two limbs to hold exactly 20 c.c, (see diagram, 
p. 1277}., , . . 

The Laboratory Vessels This vessel, used for contatning the solution of a salt 
of ammonium during tho passage of 800 c.c* of air, was’ made as follows: 

One of the tubes of a 50 c.c. pipotte was lengthened considerably and the other 
was replaced by a narrow tube with a constriction at, the entrance to the bulb. 
This tube was bent twice at right angles, and the end of it (0) shaped conveniently 
as in the figure. The wider tube was bent so as to incline at about 115° to the 
bulb, and on this was placed a small condenser, the end subsequently being bent 
downwards parallel to the bulb. The construction is best shown by the figure*. 
The end A 'was drawn out into a strong, narrow point, which, could enter the 
•narrow limb of the conductivity cell. The condenser was kept, hot by a supply of 
steam from a boiler, and the bend of the tube Was covered by lengthening the con¬ 
denser with wide bore rubber tubing cu t to shape. 

Round the narrow limb of the cell a second steam jacket was placed, sp that 
the latter met the rubber "prolongation of tho condenser de scribed above. Thus the 
whole of the limb B B B was kept at the temperature of steam. It was therefore 
no longer possible for any condensation to take place in this limb (see diagram). 

Tho bulb of the pipette was immersed in a very deep water-bath, and the latter 
■was covered with the usual rings and a small cap, which fitted over the ends of tho 
condenser and the side tube O. In this way the whole of the laboratory vessel was 
kept at a high and constant temperature. Owing to the shape of the limb BB them 
could be no spurting of the solution into the cell. 

The end of the tube B B was connected with the cell by a small piece of 
rubber tube, which was wired on to the outside of the narrow limb of the cell, the 
latter being widened for 10 mm. at its end to allow the tube B B to enter.. This joint 
was so made that the glass of the two tubes just touched and the rubber came into 
contact with only the outside of the tubes. The point A entered into the limb of 
the cell for about 8 mm. The cell was immersed in cold water during the experi¬ 
ment. 

Method of Experiment.—At the beginning of an experiment, conductivity 
water, prepared as subsequently described,, was placed in the coll and its conductivity 
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Measured. This was found to be slightly diminished by passing the air, purified as 
above* through the cell for fifteen minutes. No water was considered suitable which 
had a greater conductivity than 1*5 X 10— 6 units. 

A solution of the salt was made in conductivity water in a 200 c.e. flask kept 
for the purpose. Of this solution, 50 c.c. were withdrawn by a pipette, also kept 
for this purpose but not specially standardised, placed in a small beaker, and 
iinrnediatety drawn into the laboratory vessel by connecting a rubber tube to B A 
•and'aspirating the. solution through 0. The rubber tube was then removed and the 
end of the glass tube A rinsed with conductivity water. The laboratory vessel was 
then placed in the water-bath and joined up with the cell, which .contained about 16 
c.c, of water at the beginning of an experiment A bent hood fitted over the top of 
the cell by means of a rubber collar led by a long delivery tube to the 800 c, c. flask 
inverted over water, in which the air passing through the apparatus wa$ collected 
and measured. The water was always kept at 15°, and towards the end of the 
experiment the flask was sponged with water at that temperature. 

When the connections were made, the boilers and water-bath were heated, and 
after a few minutes air regulated as previously described was passed until exactly 
800 c.c. had been collected in the measuring flask, This took a little less than an hour. 
The air was then stopped and the cell disconnected. The cell was filled up to the 
graduation mark with water directly from the conductivity still and placed in the 
thermostat, which held several gallons of distilled water. It was 



* W, water-batto; XX, graduation mark on the coll; F, coppor cap fitting over the water-bath ringe, 
with openings for the limbs of the vessel; ZZ, mercury cups, 

heated to little above 18 d by a current of steam and allowed to cool slowly. When 
the temperature reached exactly 18°, the conductivity was measured. 

With the apparatus above described, sixteen experiments were made with 
five different concentrations of ammonium sulphate solution. The results were 
quite satisfactory, the resistances measured differing by less than three per cent, 
from the mean for a particular concentration. Thus for normal ammonium 
sulphate the values were 1019, 1027, 1089,1087,1083. These were the most discord¬ 
ant results obtained, and a resistance of about 1000 ohms is the least favourable 
resistance for estimating ammonia by the conductivity method. The reason is that 
when the resistance is less than 1000 ohms, themature of the resistance curve is such 
that only a small, difference in resistance is shown by a comparatively largo difference 
in tho ammonia present. In these eases, therefore, the ammonia was estimated by 
titration. For such determinations the laboratory vessel was used in c on junction with 
a long test-tube containing a measured quantity of standard acid. The tube was 
fitted with a doubly-bored rubber stopper, which carried a straight tube passing to the 
bottom, and a short bent tube, which just passed through the stopper* Tho long tube 
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was connected with tho end A of the laboratory vessel, whilst the short end 
was connected with the delivery tube leading to the collecting flask. The test-tube 
was rather more than throe, parts filled with acid, The acid was titrated before and 
after the passage of 300 c.c. of air, with a very dilute ammonia solution. The 
latter was standardised for every experiment with stan dard hydrochloric acid, which 
also was standardised from time to time with both silver nitrate and sodium 
carbonate. Experiments were, made to ascertain whorther a second absorption tube 
was required, but it was found that one tube of acid, containing 50 c.c. of acid 
(1 c.c. sss 0-000475 gram HCI), absorbed all the ammonia. 

With ammonium acetate, the following values were obtained on different days 


with different solutions : 

Grams of ammonia absorbed in the acid :— 


'' ■ , ■' ' 

jy/5. 


A, 0 r 032S 

0-00861 

Q‘001.09 

B, 0 032,2 

000816 

0*00103 

To compare the absorption 

method with the conductivity 

method in. the least 


favourable cases of the latter, measurments of N/5 salicylate may be quoted. 

Two experiments gave 1042 and 1030 for resistances, the mean of these 
corresponding to 0-00111 gram of ammonia. By the absorption arid titration 
method, the estimated ammonia was 0-001146 gram. 

MediuAim of Resistances to Percentage of Ammonia .—In order to reduce the 
numbers obtained for the resistance of the ammonia, solution to percentages of 
ammonia, it was necessary to plot a curve for the specific resistance of dilute 
ammonia solution, and read oft' the values corresponding to the specific resistance of 
the solution. 

These are two sets of figures at 25° for the conductivity of ammonia, and a 
third set at 18°. The first mentioned are by 0stwald‘(4%. Chem,-, 1893) and 
Bredig (Kohlrausch and Holborn, Leitvermogen der Mektrolyte), and the latter by 
Kohlrausoh (Landolt and Bornstein, Phys. Chew.,. Tabellen). For dilutions such as 
those dealt with in this paper, these figures do not agree among themselves, and 
w " en khe curves are plotted side by side it is seen that Kohlrausch’s curve and 
Bredig’s curve run parallel, and. that when tho latter is corrected by the temperature' 
coefficient for the dilute ammonia, the two curves differ by about 10 per cent. 
Kohlrauseh’s figures for the resistance duo to a given percentage of ammonia being 
about 10 per cent, higher than those of Bredig. 

Ostwald’s curve almost touches Kohlrauseh’s at 0-25 per cent, ammonia, but 
then diverges and cuts Bredig’s at .the point corresponding to 0-0125 per cent, of 
ammonia. 

The difference between these curves was sufficient to make it necessary for the 

author to determine a curve of resistance for dilute ammonia, and it was obviously 
most satisfactory to do this part of the work under conditions as similar as possible 
to those under which the resistances to be converted were obtained. 

The method adopted was to pass air through a solution of ammonia in the 
laboratory vessel, absorb the issuing ammonia in conductivity water in the cell, and 
determine the resistance. It was found, as will bo shown, that the ratio of the 
escaping ammonia to tho total ammonia in the laboratory vessel was constant, and 
for the conditions of the experiments was 87-5 per cent. 

The ammonia solution was prepared by mixing pure ammonium nitrate and a 
solution of freshly prepared potassium hydroxide in conductivity water in a Jena 
distilling flask. Ihe arm of the flask passed into an ordinary Jena flask fitted with 
a doubly-bored rubber stopper, tho second hole of which carried a potash tube. A 
current of washed hydrogen was theu passed through the- two flasks for several 
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minutes and the distilling flask gently vvarmocl The ammonia dissolved in the 
conductivity water, and the distilling flask was removed. The latter was replaced 
by a burette fitted with a potash tube, and the ammonia solution was drawn up into 
the burette. It was then titrated against Nj 100 hydrochloric acid, To perform an 
experiment, a few c.c. of the titrated ammonia solution were run into 'a small graduated 
flask containing conductivity water, and the volume was rnado up to 100 
c.c. Fifty c.c. were then, introduced into the laboratory vessel, and the other 
experimental conditions were precisely similar to those already described. During 
these experiments care was taken to keep the air of the laboratory as free as 
possible from carbon dioxide. 

Two series of experiments with different ammonia solutions were performed. 
The agreement was satisfactory. 


Sekxes I. 

Ammonia in laboratory 


0-000391 

0-000860 

0 0001955 

0.0000977 

0-0003333 

0-000489 

0-0001075 


Resistance in cell. 

2058 
1216 
2990 
4200 
3311 
6601 
1077 


Series II. 

Ammonia i a laboratory 

Resistance in cell. 

VGSSOt. 

OOQ0759 1321 

00015.1.8 939 

0 000555 1880 

0U01897 840 

One c.c. of the ammonia solution contained 
0-0000759 gram of ammonia. 


One c.c, of the ammonia solution in tho burette 
contained 0*0000782 gram of ammonia. 

From these values a curve of resistances of the ammonia in the cell was plotted 
and used for converting the other resistances into percentages of ammonia. The 
porportion of free ammonia passing from the laboratory vessel into the cell was 
stated above to be 87*5 per 'cent. Thisjwas shown as follows :~ 

A solution of ammonia free from carbon dioxide, prepared in the manner 
previously described, was titrated against standard acid. Of this solution, a mea¬ 
sured quantity was run from the burette into a graduated flask and the volume 
made up to 200 c.c. Fifty c.c. were now drawn into the laboratory vessel arid 800 
c.c, of air aspirated through it in the usual manner. The issuing air passed through 
standard acid which was titrated before and after the experiment. 

The following experiments were poformed :— 

The original ammonia solution contained 0*001643 gram per c.c. 

The standard acid used for absorption was titrated against theorgmal ammonia 
solution before and after the experiment. Thus the difference between the two 
values gave tho amount of ammonia absorbed by the acid. 


Ammonia^ntroducod into the 
vessel in c.c. 

Ammonia passing into the 
acid In c.o. 

Mean. 

'* 15*0 

13-25) 

13*15 > 

13*15) 

13*18 

10 f 0 

8*701 

8*70 j 

8*70 

5*0 

4*851 

4*40 j> 

4*375 

2'50 

2-20 ) 

2*15 [ 

2*20 ) 

2*183 

1*25 

1*10 

1*10 


The ratio of ammonia in the vessel to the escaping ammonia absorbed by the 
acid is consequently— 

1: 0*879,1 ; 0*870, 1 : 0*875, l: 0*873, 1: 0*880. 

The ratio may thus bo considered constant, and it may be assumed that 8 r5 
per cent, of the ammonia passes from the laboratory vessel into the cell under tho 
conditions of the experiments. 


<SL 
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Effect of Dissolved Salts on the Escape of Ap§fnoma .-—In the hydrolysis of 
ammonium salts with water, the amount of free ammonia ill the salt solution is 
email compared with that of the total salt dissolved. It was necessary to ascertain 
what influence the dissolved salt had on the rate of escape of ammonia under the 
conditions of these experiments. Raoult (Ann. Clvvm, Phys.. .icA, jV], 1, 
262), who used strong solutions, states that ammonium chloride decreases the 
solubility proportionally to the amount present, but that ammonium nitrate has 
no effect. The latter statement was confirmed by Gaus (2kit. anory. Chem., 
1900, 25,286), 

Permau (Trans., 1902, 31, 482) gives details of two series of experiments, 
from which he concludes that ammonium chloride may form a complex molecule 
with ammonia and that the effect of this is to decrease the vapour pressure of the 
ammonia. He, however, was working with very strong solutions of ammonia 
(12—15 per cent. NH 8 ), and his conclusions were derived from a comparison 
with an ammonia solution containing the same percentage of ammonia and water. 
If the comparison is made with, a solution containing the same mass of ammonia 
in unit volume, it is seen that the effect pf the ammonium chloride is to increase 
the vapour pressure, or to decrease the solubility to the ammonia. lerman s 
figures also seem to show that the alteration in vapour pressure increases with the 
amount of salt in solution. . 

It was neoessary, therefore, to da termine what happened with such concentra- 
fcion. of salt as the author was using* 

To ascertain the effect of ammonium s alts on the rate of escape of ammonia 
from its solutions under the conditions of the author’s work the following experi*- 
xnenfs were made ;~t 

A dilute solution of pure ammonia was prepared, 50 c.«. of this introduced 
into the laboratory vessel, which as in all cases was heated, in the water-bath and 
800 c.o. of air passed through it, the issuing air and ammonia passing through a tube 
of standardised acid. The conditions of this experiment were in, all respects similar 
to those previously described. The acid was subsequently titrated with dilute 
ammonia. In another experiment, a gram-molecular solution of ammonium nitrate 
was made up in some of the ammonia solution and 50 c.c. of this used in the 
laboratory vessel, and in a third case ammonium chloride was used. 


Two series of experiments with different ammonia solutions, which, accident- 
, were of the same strength, gave— . 

Series A, 

Standard ammonia 

Fifty c.c. <jf each solution used. 

required for neutralise 
vug the acid after 

Ammonium chloride (10*7 grams in 260 c.o. 

passing the air, 

of ammonia solution) ... 

... 44*75 c.c. 

Ammonium nitrate (18*0 grams) > • • 

.. 44-70 „ 

Ammonia solution alone ... ... 

The amount of ammonia required before 

.... 44*70 „ 

passing air was... 

52*70 „ 

Series B, 


Ammpnium chloride as above ... ,. . 

... 44*70 c.c, 

Ammonium nitrate „ „ ... ... 

.... 44*75 „ 

Ammonia solutipD alone 

»• 44*70 „ 
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It may thus be concluded that the dissolved salts do not exert any influence 
<©n the escape of ammonia when the amount of the latter is small compared with 
that of the dissolved salt. 

Theie seems no doubt, therefore, that the ammonia evolved under the condi« 
tions of the author's experiments is a measure of tho relative hydrolysis of the 
salts used. 

Tha Conductivity Water .—The water used in these experiments, both for 
preparing tho solutions of the salts aud .for the absorption of the ammonia, was 
made by distilling tap-water (which had been well boiled for ten minutes) through a 
dilute solution of permanganato acidified with dilute sulphuric acid and than through 
a solution of permanganate made alkali no with potassium hydroxide. The two 
permanganate solutions were contained in Jena flasks of 1000 o;o. capacity and 
were kept about one-third full. 

The issuing steam passed through a trap and was finally condensed in a 
specially kept Jena flask. With this apparatus it was easy to get a sufficient supply 
of water with a conductivity not greater than 1-5 x 10- 6 at 18°. 

The dells were standardised by comparison with solutions of potassium and, 
sodium chloride at 18-0°, and the following values were obtained 


Solution. 

(!) K/60 Sodium chloride 
{2) jS'/50 Sodium chlorido 

(3) N/500 Sodium chloride 

(4) N/500 Sodium chloride t „ 

(5) N/500 Sodium chloride 

(6) N/100 Potasaium chiorido 

Mean 


Coll I. 
0-09041 

0*09025 

009029 

0*09020 

0*0903! 

0 09024 


Coll 2. 
0-06609 
0-06609 
0-06549 


0-0659? 


0 06691 



lililiilwi 

iM Mm immm m I 1 




;; ik ’t i ■i/j? ni-'livY,t \ !& i >■?( ( .,v 

MM 


Hence the ratio of the cells to one another was 0*09024 to 0*06591, or 1*369 
to T000. The first three values were determined before the commencement of the 
work, but the values in experiments (4), (5), and (6) were obtained during the 
research (6) being taken on the completion of the experimental portion. The Value 
of the cells had, consequently, not changed during the work.. 

The Salts ,—'The salts used were tho chloride, chlorate, nitrate, sulphate, oxalate 
salicylate, succinate, citrate, benzoate, acetate, and formate. Of these the" organic 
salts were kindly supplied by Dr. Veley, whilst the others were recrystallised 
from good specimens in tho laboratory. An exception must be made in the case of 
the ohlorate, which was prepared from barium chlorate in the usual manner J> 
gave no trace of chloride after two crystallisations. The organic salts were all 
recrystallised with the exception of the citrate, and had all been supplied originally 
by Kahlbaum. ’ " " 

The ammonium acetate was dried over solid potassium hydroxide in an 
atmosphere containing ammonia gas after the crystals had been' dried as hr us 
possible on blotting-paper. 

Tn addition to the above, fine crystalline specimens of the ammonium salts 
of monochloroacetic and trichloroacetic acids were prepared. Unfortunately both 
decomposed under the conditions of the experiment, the former yielding a eonsi 
derable amount of hydrochloric acid and the latter chloroform. 

The Solutions .-The solutions were made by weighing out exact quantities of 
the salts in a weighed beaker and making up to 200 c.c. with conductivity water 
The strengths used were normal, fifth-normal, and twenty-fifth normal* Th 
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solutions Were always used immediately after being prepared, and the following 
table gives the measurements obtained:— 


formal. 


0*2 normal. 


0*4 normal. 


Cell 1. 

Cell 2^ 

Coll 1. 

Coll Si 

Cell X 

Cell 2. 

.. 3560 

(2595) , 

— 

3470 

% 7814 

6649 


2420 


3577 

(6345) 

.. 3423 

(2495) 

6198 

(3790) 

76U 

(5609) 


2033 

; .*S 

3602 

r-7, 

6443 

T ,... yr 

2495 

— 

3569 

7.156 

(5227) 

■ ■ , 

- 


1030 

8172 

(2317) 

/„ ’ 


1427 

(1042) 

v —r / 

2223 


' i- n)-r 


830 

2399 

(1762), 

, ^ 

l __ Jl 



' — 

1639 




— 


1345 


1048 

2298 

(1678) 


2681 


— 


1662 

—■'0. 

. 2780 


Salt. 

Chloride 

Nitrate 

Chlorate 

Salicylate ... 

Succinate ... 

Formate ... 

Sulphate «»* 

The numbers in brackets are the values for cell 1 divided by i'd69, and hence 
would be the resistances of the solution in cell 2. 

As previously stated, the conductivity method was not accurate when the 
resistance in the cell was less than 1,000 ohms, but in Buch cases the titration method 
already described could easily be applied. As an example of two experiments, 

we have— 

Ammonium uoetnte, N/l solution, 50 c„c; acid ml for absorption. 

Ammonia solution used for titration, 1 c.c. = 0-00087 gram ammonium- 
hydroxide. 

Before absorption, 50 c.c. acid = 114-00’ c.c. ammonia, after absorption 
-.2 (a) 77-30, (b) 76*50, mean = 76-90; hence ammonia absorbed = 37-1 x 0-00037 

=r, 0-0323 grams. 

By using this above method as a- supplement to the conductivity method, the 
following table was obtained. In it the resistances are converted into ammonia, 
which is given as the actual amount passing over from the laboratory vessel. 

; [n ali GaS es except that of the chlorate, the values are the mean of at least 
two concordant results. In the case of the chlorate, the values are for single 

experiments:—• 

Salt. 

Chloride ... 


Nitrate ... 

Chlorate 

Sulphate 

Salicylate 

Beuzeate > 

Acetate ... 

Formate l«» 1 

Succinate 

Oxalate ... 

Citrate ... 
Monochloroacotate 


N/L 

0-000255 
0000243 
0000266 
0-001015 
0-00662 
0-01998 
0-03230 
0-01121 
0-00990 
0-0088 
0-01217 
, 0-0024 


N/3. 

0 000118 
O-OCOIU 
0-000119 
0 000443 
0-00113 
0-00378 
0 00833 
0-00225 


if/25. 
0-0000623 
OOOC’0620 
0-0000659 
0-000213 
0-000301 * 
0-000798 
0 00160 
01)00640 » 


.Values high; obtained by conductivity niothod,- probably slight decomposition and evolution of 

earbon dioxide, hence lowering the resistance in the cell. . • 

In the case of dibasic acids, 'half molecular weights wore dissolved xn a litre of 
normal solution. 

In the preceding table we have several sets of cases. There are monobasic,, 
dibasic, and tribasic acids, and the two former contain both weak and strong acids. 

Monobasic Acids .-—'These form only one simple salt, and consequently only 
one type of hydrolysis is possible. According as the acid is strong or weak, the- 
equation for the hydrolysis constant will be 

CxaXCiioa _ v ( 'auX^boh „ K 

-Qm~~ ’m ~Wg~-' . ' : 



0-00200 

0-000420 

0-00186 

— 

0-00674 

0-00272 





W NlST/fy 
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Dibasic Acids, III fche case of the salts of dibasic acids, hydrolysis may take 
place in two wavs *— 

(i) A*B ' 2 4 H a O ~ A"BH + BOH. 
f-2) I^B',- 4 2H 2 0 a A"H a + 2BOH. 

W b ere the amount of hydrolysis is small, as in the above experiments, ilfmay bo 
assumed that the first of these equations holds, and the equation for the hydrolysis 

constant becomes K = —^or K = ^cording as the acid is strong 

or weak. 


6%OH . C\ok . ,. 

T\dt orA - c^ respectively. 


These equations may be written If 

If in the above equations we take the ammonia liberated under the conditions 
of the experiment as G’boh, we have a means for calculating the hydrolysis constant 
of the solutions used. 

p2 

In the following table, the equation K = - 77 -;- has been used for the first four' 

''salt 

Who H 


acids, whilst for the rest, K : 


mm- 


Salt,, 

Chloride 

Nitrate 

Chlorate 

Sulphate 

Oxalate 

Succiuato 

Formate 

Benzoate 

Acetate 

Mono eh! oroaeetate 
Salicylate 



X X 10 s . 


VK X 10«, 

r 

N* 

A75. 

X 

jy/ 25 , 

2 V. 

iY/ 5 . 

. " 4 

.2V/25. 

0 00650 

0*00690 

0 00684 

2*55 

2-62 

2*61 

0*00591 

o*ocao 5 

0-00667 

M3 

2*40 

257 

0*00655 

0*00708 

0-00731 

2*50 

2*60 

2*70 

0*103 

0*100 

0-114 

10*15 

10*00 

106 

7*74 

8*51 

— • 

88*0 

92*5 


9*80 

10*0 

u-o 

99*0 

100*0 

1030 


12*4 
39’9 
104 0 
0*370 
3*03 


120 

34*0 

1750 

3*19 


39*8- 

172*0 


112*1 

199*8 

323*0 

24*0 

65*2 


112*5 
189 0 

50*5 


199*5 

415*0 


Xn oho foiegoing tdblo, the values for A arc as constant as can beexpoefcod from 
the experimental method. It may be noted that the nitrate and chlorate behave 
quite normally, and that the formate gives also a satisfactory result. 

The value for the normal solution of the acetate is abnormal. This does not’ 
seem to be due to experimental error, since two sets of experiments with different 
solutions gave concord ant results. In this respect, attention may be directed to 
Veley’s figures for the acetate. He found that the normal solution gave a little 
more than half the percentage of ammonia which was given by 0-2 normal and more 
dilute solutions, and since the acetate is the salt of the weakest acid used, the 
figures for this salt should be the most accurate. It therefore appears that in con¬ 
centrated solution the acetate is proportionately loss dissosiatod. 

If we take the inverse of the above figures, we ought to find i[:K proportional 
to the dissociation constants of the acids the salts of which are used, and */t/K pro¬ 
portional to the avidities of the acids obtained by dynamical methods. Since, how¬ 
ever, the dissociation constants of the strong acids cannot be used for comparison, 
we must_u.se the molecular conductivities of their solutions and compare these 
with v f XfK. In the following table are given the values for yl/AT (hydrochloric 
aoicksr: 1 ), also the ratios of the molecular conductivities, and the values for the 
avidities of the acids obtained from the velocity of decomposition of methyl acetate 
and the inversion of cane sugar. 



Salt* 


//IK. 

Molecular 

conductivity. 

In version 

of 

cano sugar. 

I)cc om posit 
of 

methyl acoti 

Chloride 


*•» 

... 1*000 

1-000 

1*0100 

1*000 

Nitrate 


««4 

«•« 1*065 

0-991 

1000 

0-915 

Chlorate 

... 


... 0*985 

1-000 

1*035 

0*944 

Salicylate 



... 0*046 

0-032 


_ 

Formate 



... 0*023 

0-017 

0*015 

001 s 

Benzoate 

*44 

... 

0*013 

0-008’ 
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'' Silt; 

Acetate 

M o n o ch ior oacetat p 
Sulphate. <*• 

Oxalate 
.Succinate 


y/ik. 

Sfplecular 

conductivity. 

Inversion 

of 

cane sugar. 

Decora position 
of 

methyl acetate. 

... 0*000 

o-oo-t 

0*004 

0*0034 

... 0-106 

0 049 

0*048 

0 043 i 

... 0-263 

0-623 

0*536 


... 0-029 

0197 

0*185 

.0174 

0-026 

0-006 

0005 

0*006 


Nora.-!* the above table, the comluctiyitws for salicylic and banjurio acids which will pot form 
normal sofcoas have been calculated from their ratios to acetic acid at lower dilution. _ ^ 

It, discussing the above results, we may first take the monobasic acids. Here 
we find a very good agreement both in order and magnitude with the figures 
obtained by any of the other methods. Thu strong acids are almost equal and the 
ratio of the four weak acids' is the same as that of the conductivities. The agreement 


Formic. 

0016 

0017 


Benzoic* 
00087 
0 0087 


Acetic, 

0*004 

0*004- 


here is particularly striking, the ratios being 

Salicylic. 

. - - r 32 

0*082 

Conductivities " "* ' „ , 

Or wo may compare 1/J?with the dissociation constants of these acids, m which 

case, acain making the values for salicylic acid the same, we obtain- 

; ° Salicylic* Formic. Benzoic Acetic 

. ... 102 26-0 «•? IS 

aSi C 0 n.t'*X HP - - ••• W* 6 0 18 

Here u^aiin the numbers are distinctly of the same order of magnitude. It will 

1 T _ . <» 1 1 "i * ..'Jl I ,, n tr k nJ-A Vwl Ani'l 


, noted ^e table, that when hydrochloric acid is taken as the standard for com, 
imison the weak monobasic acids give slightly higher figures than are given by the 
conductivities, &c. In this connection it may be suggested that the discrepancy is 
due to the different temperature-coefficients of strong and weak acids, the conduc¬ 
tivities being at 25° and the author’s experiments at nearly 100°. It would not 
appear likely that it is to experimental error, either in the curve for the resistance 
of ammonia solutions or in the other observations, since the values obtained for h. 

in the different dilutions are so closely constant. . . ' . 

Deo ling next with dibasic acids, we have to remember that, m the hydrolysis of 
, t ,. alt 0 f a dibasic acid, the ammonia neutralising the weaker acid hydrogen is 
removed first. Thus the method described could not be used to measure the strength 
oTthe first hydrogen (or ionisation). That it depends 911 both the ionisation con¬ 
stants is shown below. With dibasic acids we have-- 

K, Ck h 2 5= Cab' x .<?** and Kip**' *? Qy X (*•, 
where K, and K t are the first and second ionisation constants. 


Ca'" + Gar' -f I^ah'-j 


Now 

C-s h 4 ' + Cm 4 oh 

and (positive = negative charges) 

Gvr.a + Oat* = 1 2Ca’ 4- Gar' +• * -on', 
where Ca' and CW are very small and may be neglected, so that 
* C >' £ 1 4 1 =: 2C7a" 4- GaK ' - ’ ‘ * 1 

From (1) and (2) wo get 

Oku 40a + Ca" “ v ah3 • •• 

But 

GT-h 4 * = -Ca" T Oah' 


2,CV + 

Gu 


(V X CV 


K, 


M+%) 


»** 


0 ). 

( 2 ). 

(3) , 

( 4 ) , 


Similarly from (!), 

C'hh • + Gsr <iou 


Ga ' J r Oar.’ + 


Ca’ 
Ga ' 

Ga’ 


Car' /1 
Ca” X Ca 

M 




Cxn f 4* Otv 
' Xi 

L j ^ H * I 

* %r 

i + ~— 

K t 

G\- 




m 






mtSTfiy 
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from (4) and (5), 

e„,», = '-v{j3 }, 

and hence 


Omi 4 on 

<v j 

CV ,1 

f A 

\ 

6 f NiI 4 ’ + CW 4 0$ 

Hr (l + 

PV i P® 

if; + k 

—A 

t 4*2 ^ 


<7V - 


, 


" mt+*,c?«-+c*h-'' 


That is, the relative amount of hydrolysis is proportional to a term involving both 
the first and second ionisation constants, 

The Percentage Hydrolysis in Solutions of Ammonium, Saits at 100°.—This 
may be to some degree determined from the above data; thus, in normal ammonium 
chloride wo have 17 grams of ammonia (combined) per litre, and in the laboratory 
vessel (50 c.c.) we have 0-85 gram. Rot the free ammonia is 0-000255 X 1T43 (the 
inverse of the partition coefficient for ammonia, 0-875). 

Thus the percentage hydrolysis is — 0-0341 per cent, similarly, 

for iV/5 acetic acid we got 

0 0323 X I 'M! X 100 , OA 

-“ygj— -= 4-34 per cent. 

These values are doubtless too high, since, as ammonia is evolved from the solution, 
hydrolytic action, to a less degree, continues. 

They cannot he compared with values obtained by other methods, as the author 
is not aware of any determined at so high a temperature. 

Conclusions. 

1. The hydrolysis of ammonia salts with water is in accordance with the law? 
of mass action for salts of strong and weak acids. 

2. This hydrolytic dissociation is inversely proportional to the “ strength ” 
of the acid, that is, tc> the square of the conductivities of solutions of the acid, or their 
ionisation constants, in the case of univalent acids only. 

3. In the case of bivalent acids, the relation between hydrolytic dissociation 
pf salts said the two ionisation constants of the acids is complicated, and the hydroly¬ 
sis cannot be used as a direct measure of either of the ionisation constants or the 
“strength” of either of the acid hydrogen atoms in the acid. 

4. Certain maximum values are determined for the degree of hydrolysis at 

100 °. 

The author’s thanks are due to the authorities of Magdalen College, Oxford, for, 
a grant which covered laboratory expenses, and to Mr. J. J. Manley, the Daubeny 
Curator, for kind assistance in making the apparatus used. 

Maqdaheh Comboe, 

OxEpiue, 


APPENDIX B. 


OXFORD UNIVERSITY STATUTES. 

Statt. Tit. VI. Sect. IV. 

October, 1905. 

Section IV.-OF THE TIMES AND EXERCISES REQUIRED FOR 
DEGREES IN LETTERS AND IN SCIENCE. 

§ 1. Of tha Degrees of Bachelor of betters ami Bachelor of Science 

Any person who has been permitted by t^e authority and in the manner, 
hereinafter provided to enter on a course of special study or research may suppli¬ 
cate for the Degree of Bachelor of Letters or Bachelor of Science, provided that he 
has satisfied the conditions prescribed by this Statute. Science shall be taken to. 
include Mathematics, Natural Science, Mental and Mpral Science. 
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|\2. Of the Admission of Candidates for the. Degrees of Sachefc* of betters *mS 
Bachelor of Science^ and. the Conditions of supplicating for these Degrees. 

1 . Any parson who has been, or is quali tie I to be, matriculated in the 
University and is not under the age of twenty-one years, may give notice to the 
(Secretary to the Boards of Faculties of his desire to be admitted as a Candidate for 
the Degree of Bachelor of Letters or of Science and thereupon to enter on a course 
of special study or research. Every such notice shall state in general terms the 
subject and nature of the proposed course*, and no course shall be admissible which 
does not extend over a complete year. The Secretary shall transmit every such 
notice received by him-to the Chairman, of the Board of the .Faculty or of Studies 
which includes the proposed subject for the approval of the Board. Such approval 
shall not be granted unless the intending Candidate (1) has passed the Examina¬ 
tions required for the Degree of Bachelor of Arts, or has given evidence that he has 
received a good general education, satisfactory to the Committee hereinafter 
constituted for the purpose; (2) has satisfied the Board of Faculty or. Studies to 
which his subject belongs of his fitness to enter on a course of special study or 
r esearch ; aud that the course of study or research on which he proposes to outer is 
Such as may profitably be pursued under the direction and superintendence of the 
Board. If the notice given by an intending Candidate is approved by the Board, fcho 
Secretary shall notify the fact to him; and he shall pay to the University Chest 
through the Secretary a fee of £o within a fortnight of such notification, or, if at 
the time he is not yet a member of the University, then within a fortnight of his 
matr iculation. He shall thereupon be deemed to have been admitted as a Candidate 
for the Degree of Bachelor of Letters or.of Science; and the Secretary shall register 
his name, and his notice as approved by the Board; in a book.to be kept for the 
purpose. 

2. The Committee appointed'to consider whether an intending Candidate has 
received a good general education shall be composed of one representative of each 
of the following Boards of Faculty or of Sfculies, namely, Theology, L< 
Medicine, Natural Science, Liter® Humuniores,' Oriental .Languages, M 
History, English Language and Literature, and Modern Languages, which repre¬ 
sentatives shall be elected at the first meeting of each Board after this statute shall 
come into effect, and' shall hold office for two years, at the expiration of which 
period there shall be a new election, and so on, from time to time, provided that 
vacancies on the-Committeecaused otherwise than by lapse of time shall be filled up 

for the remainder of the biennial period. 

3 . The Boards of the Faculties shall have authority to direct and superintend 
the work of Candidates admitted as aforesaid, and to make such general regulations 
as they shall think fit. 

4 . The Boards of the Faculties may appoint Committees composed of graduate 
members of the University, or other competent persons, and may authorize any 
such Coramitteo to report to them regarding the fitness of an intending Candidate 
for the coarse of study or researeVon which ho proposes to enter, and to super intend 
the work of a Candidate admitted as aforesaid, and to report thereon to the Board 
of the Faculty to which his subject belongs. A Board shall have power in special 
cases to recommend to the Vice-Chancellor and Proctors that a remuneration be 
paid to a person so appointed to superintend the w ork of a Candidate or to report 
thereon, and to suggest the amount of such remun oration : provided that (1) the 
Board, shall report to the Vice-Chancellor the circumstances of the caBe, and that 
(2) the Vice-Chancellor and Proctors shall determine the amount at their discretion, 
and that (3) in no ease shall such remuneration be paid to a Professor or Reader. 

5. Alky Candidate who has completed his proposed course of study or 
research, may at any time not less than twelve months after his admission apply to 
the Board of the Faculty or Studies for a certificate that so; far as proficiency in the * 
subject of liis course of special study or research is concerned, ho has attained a high* 
standard of merit. Such application shall be made to the .Board through the 
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♦Secretary, an ^ the Candidate shall at the same time pay to the University Chest 
through the Secretary a fee of £5. On receiving the application and the fee the 
Secretary shall transmit the application to the Chairman of the Board. On receiv¬ 
ing such application, the Board of the .Faculty or Studies shall appoint Examinovii 
who shall satisfy themselves as to the merit of the Candidate, and his proficiency iu 
the subject of his course of special study or research, either by examination or by 
requiring from him such Dissertation, or report of work done, as shall be directed 
by the Board; provided that if a Dissertation be required, notice shall have been 
given to the Candidate of the intention of the Board, as soon as may be after his 
admission as a Candidate. Any Candidate who is directed to submit a Disserta¬ 
tion or report of work dona shall be further publicly examined in the subject of 
such Dissertation or report. Before granting a Certificate the Board shall have 
power to require the publication of the Dissertation or report or of some portion of 
it in such manner as the Board shall think desirable. It shall be the duty of the 
Boards of the Faculties or studies to grant Certificates to those Candidates only who 
are reported to them by the Examiners to have attained a high standard of merit; and 
to state and publish in the usual maimer the ground on which the Certificate has in 
each case been granted, together with the names of the Examiners who have reported 
to the Board. Provided that if the Examiners are evenly divided as to the stand¬ 
ard of merit attained, the Board of the Faculty or Studies shall be empowered to 
satisfy themselves in some other way as to the merit of the Candidate, and to grant 
the Certificate, if they see fit. 

6 . An entry of the names of those Candidates to whom such Certificates have 
been granted, shall be made in a book to be kept for the purpose. To the name of 
each Candidate shall be appended a description of the course of study or research 
which he has completed, together with a statement of the grounds on which the 
Certificate has been granted. Every entry shall be signed by the Chairman of the 
Board of the Faculty or Studies, and by the Secretary. This book shall be kept in 
the custody of the Secretary. 

7. The Examiners to be appointed by the .Board shall always include one at 
least of any Professors or Headers who arc appointed to lecture and give instruc¬ 
tion in the subject or branch of study which includes the subject offered by ther 
Candidate, provided that the Board may, if requested by any such Professor or 
Reader, appoint an Examiner to aot in substitution for him. 

8 . No Candidate shall be permitted to supplicate for the Degree of Bachelor 
of Letters or for the Degree of Bachelor of Science, unless he has kept at least 
eight Terms by residence within one mile and a half of Carfax as a matriculated 
member of the University. It shall be competent for the Board to allow a Student 
who has with the consent and under the superintendence of the Board so resided for 
the purpose of carrying on his proposed course of study or research for a period of 
forty-two days, not necessarily consecutive, but falling within the same Academical 
year, to reckon such period of residence as one Term’s residence: provided that 
(1) no day so reckoned which falls within any Term, shall also be reckoned for the 
purpose of keeping that Term by residence: and (2) no Candidate who has kept by 
residence the Michaelmas, or the Hilary, or tho Eastor and Act Terms, shall be 
allowed to reckon in this manner any day that falls within the eight weeks begin¬ 
ning on the first Monday of Full Term in Michaelmas, or Hilary, or Easter Term , 
as the case may be: and (3) no Candidate shall be allowed to reckon in this manner 
more than one such period in the same Academical year: and (4) no Candidate shall 
be allowed to reckon more than four Terms as being kept by residence in the same 
Academical year. 

It shall be the duty of the Secretary to the Boards of Faculties whenever a 
Term’s residence has been allowed as aforesaid to report the fact as soon as may 
be to the Society of which the Candidate is a member. 

■ 9. The Certificate that a Candidate has, in conformity with the requisitions 

of the Statute, satisfied the Board of the Faculty of Studios that he has attained a 
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high standard of merit, shall be signed on behalf of the Board of the Faculty or 
Studies by the Chairman and Secretary. 

The form of the Certificate shall be as follows:— 

‘ Board of the Faculty of (or of Studies for )• 

Oxford. (Date.) 

This is to certify that A, B., of College (or of Hall, or Non. 

Collegiate Stiident), in conformity with the requisitions of the Statutes has completed 
& course of special study (Or research) approved by the Board, and has satisfied the 
Board that he has attained a high standard of merit. 

Signed on behalf of the Board, 

C. D., Chairman. 

E. F., Secretary.’ 

10. The names of the Candidates to whom Certificates in the foregoing form 
have been granted shall be published in the usual manner. 

The list of such Candidates shall be drawn up in the following form:— 

‘Names of Candidates who in Term, a.d. have satisfied the Boards 

of Faculties or Studies that they have attained a high Standard of merit in a course 
of study or research. 

A. E.-, of 'College. 

C. I)., of Hall. 

E. F., Non-Collegiate Student. 

(Signed) G. H., 

Secretary ’to the Boards of Faculties.’ 

To tho name of each Candidate in the list shall be appended a notice of the 

course of study or research which he pursued. 

11 . Bach elors of Letters and Science shall rank immediately after Bachelors 
of Civil Law an d Medicine ; and, among themselves, according to the date of 
admission to their respective degrees in Letters and Science. Provided always 
that no such Bachelor of Letters or Science rank before any Master of Arts, unless 
he himself holds a Master’s degree. 

§ 3. Of the Admission of Candidates for the Degrees of Doctor of Detters and Doctor 
' of Science, and tho 0 onefitions of supplicating for these Degrees. 

Candid ates may supplicate for these degrees s uhiject to the f ollowing condi¬ 
tions:-— "• '')■* 

(1) A Bachelor of Letters may supplicate for the Degree of Doctor of Letters, 
provided that he has had his name on the Books of some College or Hall or on 
the Register of Non-Collegiate Students for twenty-six Terms. 

(2) A Bac helor of Science may supplicate for the Degree of Doctor of Science, 
provided that he has had his name on the Books of some College or Hall or on the 
Register of Non-Collegiate Students for twenty-six Terms. 

(8) A Master of Arts, who has incepted in this University, may supplicate for 
either of these degrees, provided that ho has entered upon the thirty-ninth Term 
from his matriculation. 

(4) Any person who being a Master of Arts of the University of Cambridge 
or Dublin has been incorporated, and any person who being an Undergraduate or 
a Bachelor of Arts of the University of Cambridge or Dublin, has been incorporated 
and has incepted in tho faculty of Arts in this University, may supplicate for 
either of these degrees, provided that he has entered upon the thirty-ninth Term 
from his matriculation at Cambridge or Dublin, 

(5) Any person on whom the Degree of Master of Arts has been conferred by 
Convocation by decree, other than a degree honoris causa, may supplicate ior oither. 
of these degrees, provided that he has entered upon the twelfth T erm from his 
admission to that degree. 
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ffi) Wien » CaiKliifata „«% the pnWriom of (hi MM* dmx applies for 
the .pprovo, of . Board or a Pmlt, or of Studio,, the appIMo,, fo, approval 
•h.U be made through tSumter,. of the Bo«d. of Faculfe, to the Chairman of 
the Board, and thrill ho awompaniod by a OortWputo .ignad by «omo officor of 
or toino poraon doputod by the College or Hall or Body to which ho belong, and 
showing that bis name is on the books of sueh College or Hall or Body 

(7) Before supplicating. Candidate, for either of these degrees must have 

Z:T eV f T°r f ei !;. f, r eS3 i0r tho ,fcgree t0 thc approval- of the Board of fha 
1 ,, } f r ° f btudl0 J ta ; vhlch thejr sub i ecfc be^gs. Such evidence shall consist of 

im j is led papers or books, containing an original contribution to the advancement 
or learning or science, and, where possible, at least two copies of such papers or 
books shall be submitted. If thc Board approves the evidence, a Certificate shall 

dG8cnbm £ bhe evidence approved by the Board, and 
statmg that it is of sufficient meritto entitle him to supplicate for the degree. This 

Certificate shall be Signed by the Chairman and the Secretary, and shall bo published 

zM r:r?7 : r ? shau be the *■* m m*™, ^ a c i^fs 

name is entered fox- the degree, to ascertain whether the Certificate has been duly 

granted. One copy of each of the papers and books named in the Certificate shall 
remain in the possession of the University for deposit in Bodley's Library , provided 
ha,; no book or paper of which the Library already possesses a copy aha,!! bo so 
deposited except with the consent of the Candidate and of the Librarian unless the 

ulwrubou. or mld.t.ou, flu, Board shall also h SW power to make aftd vary from 

T , S ,” g ” Ia “,“ S *» «* *• Fusions of this *£ “ l 

mayceem expedient, provided that all such regulations and any variations in them 

shall be submitted to the Hebdomadal Council for approval. 

appendix a 

, 0hemical ^searches now in progress in Oxford, or completed within the last 

Lord Berkeley and E. G. J. Hartley, OomoSo Pressure aud Vapour procure 
®t concentrated solutions. Part published in Phil Trans 

pubi’^t^aa* 6 "” d “ iSS 

Journal" ^ Bovm ®i a * Minerological Researches, Bowmanito, etc. Mineralog. 

I. V. Barker. Parallel Growth of Crystals. Part in J. C. 8. 

... * J - R- Marsh and R. de j. Fleming-Struthers. Organic Compounds of the 
Metallic Cyanides Part in J. C. S. 05 . 

J. L. Marsh and G . Jb. Hood, Study of Iod oso-compounds. 

J. E 1. Marsh, J G. Burch, and R de 3. Fleming-Struthers. Emission ’ 
Spectra of Mercury Salts. 

.1. i.. Mai sh and If. , Caton. Synthesis of closed rings. 

A. F. Walden. Prozane Derivatives. 

B. Lambert. Conductivity of pure Organic Acids. 

B. Lambert ancl G, Lilley. Oxidation of Aluminium by water. 

* J. »f. Manley, An Accurate Method for determining tho Specific Gravities 
of salt solutions. 

V, H. Veley. Action of acids on Methyl-Orange. 

* .N. V. Sidgwick and I. S. Moore. Calorimetric Investigations of Tautomeric 
Substances. 

T. S. Moore. lautomerism of A.cyl-Phenols. 

.L. Stokes and H, T. l izard. Electrolysis of Concentrated Sulphuric Acid 
with. Aluminium Electrodes. ■ ; 

E. G.’Hill. The Hydrolysis of Ammonium salts. 


►'HwBOg wMkod wlth-an asterisk are those oliinVorrity or OoHego tutors. 
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E, G. Hill The relation between Refractive Indices, Conductivities, Densr- 
ties, and totChlorine in Sea water, 

H. B, Hartley and N. Garrod Thomas. Solubility of Triphenyl-me thane m 
Organic Solvents, J, C. S. 

* H. B. Hartley, N. Garrod Thomas, and M. F. Applebey. Physical 
.Properties of Mixtures of Pyridine and water. 

H. B. Hartley, J. P. Hocklebridge, and W, H. Barrett. The Alkaline 
Sulphites. 

H. B, Hartley and N. P. Campbell Solubility of Iodine in water. 

H. B. Hartley, N. Gar rod Thomas, and N. P. Campbell. Mineralogical 
Investigations, 

N. P. Campbell. Bate of Growth of Crystals from Solution. 

J. R. Milne. Co nneotion between Optical and Electrical Properties of certain 
Solutions. 

* H. B. Baker. Atomic Weight of Tellurium. 

* H. B. Baker. Dissociation and Association of Dry Nitrogen Trioxide. 

H. B. Baker and M. H. Godby. The Isomeric Sodium- Potassium Sulphites. 

H B Baker and G. Lilley. Influence of Pressure on Chemical Reactions, 

H* B. Baker and L. C. F. Oldfield. Sulphur Monoxide. 

H. B. Baker and H. 0. Kershaw. The Metallic Subhalides. 

A. Angel. Cuprous Formate. J. C. S. 

Xi. T. Lattey. Vapour Pressures of Binary Mixtures. 

G. Leicester. Derivatives of Fluorindene. 

C. Weedon. Magnetic Alloys. 


APPENDIX B 


Chemistry. 

Chemical Revision, 1850- 


-1860 


Organic Chemistry (Honours Course)... 
Subjects of the Preliminary Examination 


Stereo-chemistry, (Fee, £1) 

Soils and Organic Chemistry (Forestry Course) 
(Fee £3) ... 


Waynflete, Professor of Che¬ 
mistry, W. Odling, M.A. 

J. Watts, M.A. 

Aldriehian Demonstrator in 
Chemistry, W. W. Fisher, 
M.A. 

J.E. Marsh, MX 


Laboratory Instruction. (Fee, £3 or £5): 


Laboratory Instruction: Physical Chemistry 

Inorganic Chemistry 
Quantitative Analysis 


» 

n 

i). 


n 

n 


» 


n 


Inorganic Chemistry (Non-metals) .... 

Organic Chemistry (General Class-reactions) 
(Fee, £1) ... 

Electro-chemistry 


R, Lambert, BjL 
fW. W. Fisher, M.A.. 
i ,T. Watts, M.A. 

J. E. Marsh, M.A. 

" > A. F. Walden, MX 
j N. V. Sidgwick, MX 
\ B. Lambert, B.A. 
f D. H. Nagel, M.A. 

... J H. B. Hartley,M.A. 

I H. B. Baker, MX,I), Scs. 

.. L. G Killby, BX 
... J. J. Mauley, Hon. M.A. 

f G. B. Cronsbaw, M.A. 

\ A. F. Walden, M.A. 

( Dr. Leo’s Reader in Chemist- 
.. < try, II. B. Baker, MX 

l ~ 


, Sc. 


A. F. Walden, M.A. 
T, S. Moore, M.A. ; 


• Urn.* »«* «* University or College tutors. 
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APPENDIX E. 

JOURNALS. 

* Journal of the Chemical Society (London). 

*Zeitschrift fur phyaikalische Ohomie (Leipsig), 

* Loibig's Arraalen der Ohomie (Leipsig). 

* Borichte dec Deutschen Chomischen Gesellsohaft (Berlin). 

* Central Blatt (Berlin). 

* Zeitschriffc fur anorganische) Chemie (Leipsig). 

Annal.cs de Chimia et Physique (Paris). 

Comptes Rendus (Paris), 

Journal of Physical Chemistry (London). 

Journal of Chemical Industry (London). 

Chemical News (London). 

Journal of American Chemical Society, 

American Chemical. Journal 
Bulletin Soci6t6 Chemique de Paris. 

The Analyst (London). 

British Association Reports (London). 

Monatshefte fur Chemie (Vienna). 

BOOKS. 

History.-— E. Von Meyer. 

Thorpe (Essays in Historical Chemistry), 

Kopp. 

Alembic Reprints. 

Inorganic. —Roscoe and Schorlemmer. 

Dammar (Handbuch). 

Mendelbcff. 

Ostwald (Principles of Inorganic Chemistry), 

Abeg (Anorganische Chemie). 

.Physical.—V ant’ Hoff. (Lectures on Physical Chemistry) Trans. Lehfeldt. 

Ostwald. (Lehrbuch der Allgemeinen Chemie) (in course of publi¬ 
cation). 

Nernst (Theoretical Chemistry). 

Ramsay (series of books on Physical Chemistry). 

YVhetham. Solutions. 

Rutherford. Radio-Activity. 

Organic. —Beilstein (Handbuch and Supplements), 9 Vols. 

Richter (Organic Chemistry). 

Meyer and Jacobson (Organic Chemistry), New Edition. 

The above are all necessary. 

* Journals marked with an asterisk are indispensable. 
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Report 02 7 furlough Studies, by €. 6 , Jfilh 2 ).Sc., professor 

of ' featured Science, pfair Central College, jtfliahahad. 


1. Personal research and, study. ,—<Of nil branches of Natural Science, that of 
Physical Chemistry is undoubtedly the one which has been most developed during 
the last 10 or 15 years. This branch, however, is the one which in India has least 
attention, given to it, because it is the ©no with which teachers themselves have least 
acquaintance and with which they have the least opportunity of becoming familiar. 
It was to Physical Chemistry and especially the practical side of Physical Chemistry 
that I devoted the greater part of my time, and to get the greatest, advantago from 
my surroundings 1 entered as a research student inthe University of Oxford. This 
was a somewhat unusual proceed ing for one of my university standing, but it brought 
me into touch with both students and the tutorial staff, among which latter were 
several of my personal friends. Of the system prescribed for research students, .1 
shall have to speak later. If is not necessary for me to refer to my own research 
beyond saying that I was eventually awarded the research degree of the University. 
Air account of my work appeared in the Journal of the Chemical Society, August 
1906 (appendix A.). In addition to the research just mentioned I went through an 
advanced course of physical chemistry, one which is somewhat in excess of the require¬ 
ments of the University for its honours school, and I have prepared an advanced 
course which may be, useful in India, chiefly from the course in use at BallioJ 
College, whore the laboratory is specially devoted to the study of physical chemistry. 

2. Scope of Report. —My work was not, of course, confined to actual study 
of chemistry and chemical methods, but was extended to the methods of study and 
the courses of study in vogue at Oxford. It is with these latter and with their com¬ 
parison and contrast with Indian methods that this report will largely deal. It will 
be as well to trace the career of a student from his matriculation to his final school, 
before attempting to describe the conditions under which he is allowed to begin 
original work. 

3. Preparatory work in Oxford and India compared. —Most, if not all, of 
the Oxford undergraduates, who intend to make a serious study of Chemistry, have 
already had a thorough grounding in the subject at school, and are prepared to take 
the Preliminary scientific examination without further tuition. This examination 
is held during the first year of residence and is of a considerably higher standard 
than the Intermediate examination of Indian Universities. A student taking up 
Chemistry is examined in Chemistry and Physics by both written papers and practi¬ 
cal. tests. The Chemistry consists of elementary organic and inorganic, and simple 
inorganic analysis, and preparations, and is bub little, if any, lower in standard than 
that of the Chemistry for the B.Sc. of Allahabad. The Physics is similarly higher 
than that for the Indian Intermediate examinations and the examination also carries 
a practical test. There is no examination in Mathematics for tho Preliminary 
Science, but many candidates with a mathematical bent offer thorn solves for Mathe¬ 
matical Moderations at the end of a year and then continue their chemical studies. 

After passing the Preliminary Science, which is strictly a pass as opposed to an 
honours examination, the student has practically nothing to study except his special 
subject, ie. Physics or Chemistry. This report deals only with the latter subject; 
The usual time for the examination is at the end of the 4th year from matriculation, 
but it may be taken at the end of the 3rd year. The average man has thus three full 
years after his Preliminary in which he can devote himsolf to Chemistry in its usual 
branches, and his course of studies would bo more or less as follows. Ha would 
attend from three to six lectures a week given by University (as distinct from 
College) lecturers or by what may be , called “priyat docents, M ie. lecturers who are 
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allowed to lecture in the university lecture halls. These lectures are arranged so 
as to break iuto the day’s practical work as little as passible, and are often given 
from 9-10 a.M. or 10-11 a.m., or sometimes in the evening. The rest of the morning 
is given to practical work at either the university or a college laboratory. The 
afternoon is occupied with some form of recreation, and the evening from 5-7 again 
with practical work. Dinner is at 7, and the time after dinner is spent in private 
reading. A diligent student would probably get through his practical course in two 
years’ time after the Preliminary Science if he worked on this plan, and would 
possibly help in a research for part of his 4th year or spend much of his time in 
reading original papers, specializing in some particular branch of chemistry. The 
course given above is the public course open to all members of the university, but 
Oxford and Cambridge differ from all other universities, in that they consist 
of system of corporate institutions each of which assumes the responsibility 
for the tuition of its own undergraduate members. Not all colleges make pro¬ 
vision for the study of the Natural Sciences, but those which do so, have a 
special tutor whose business it is to look after the interests of the science students 
of his own college. This he does in many ways. He guides the student in his 
choice of the public lectures, arranges for his practical work, and as a general rule, 
supplements tho university instruction by private tuition in the college. This latter 
method of instruction is in my opinion the most important feature of the Oxford 
system, since an enthusiastic tutor certainly stimulates enthusiasm in his pupils, and 
the system of private tuition gives opportunities for discussion and arousing interest 
which can never be afforded in public lectures. 

The extent of the course,for the honour school is of course much greater than 
that for the B.A., or B.Sc,, degree of Indian universities, and it is generally 
understood that, the M.A., or 2nd DJSc., examination of Allahabad more or less 
corresponds to the Oxford B. A. Asa matter of fact such a correspondence'did 
exist some six or seven years ago; but whereas Oxford has marched with the times, 
Allahabad has remained precisely where she was when the new courses were insti¬ 
tuted, The reasons for this will appear below. 

4. Low Indian Standard .—It must now be conceded that whereas a-u Oxford 
honours degree does fairly well fit a student for research work, the same cannot be 
said so confidently of .an Indian Master of Arts, The latter has a good working 
knowledge of text book chemistry and practical methods up to a certain point, but 
that point is now decidedly below the level attained by an Oxford graduate. For 
instance, as was indicated at the beginning of this report, practical physical chemis¬ 
try is only known in Indian Universities in its most elementary form, but in Oxford 
one laboratory (Balliol) gives up all other subjects in order to specialize in that 
branch alone. In organic chemistry much highly important modern work (such as 
that of Hautzseh on the Pseudo-acids to give only one example), has been ignored 
in India, simply because it has not yet filtered into the text books. Thus it will be 
seen without further enlargement that both in practical and theoretical work Indian 
universities have again fallen behind. It is as well to consider whether this is a 
necessity, and if not so, where the remedy lies. 

It has already been stated that after the Preliminary Science the Oxford 
student hae three years of specialized work in Chemistry, and to this may now be 
added that he works under highly favourable conditions and with the best 
instruction. But the Indian student on the other hand works at Chemistry as a 
special subject for only two years alter passing an examination of a corresponding 
standard in Chemistry and Physics (ho has or had till recently, it is true, the great 
advantage of extra mathematics), so that tho Oxford man has a clear advantage* 
of a whole year’s work. In tho present writer’s opinion this year must be made 
up in one way or another, not necessarily for the M.A. examination, but certainly 
for the doctor’s degree which is awarded for original work. This can be done 
in two ways. The course for tho doctorate may bo extended by one year, that is 


to say, a candidate for the degree should be a Master of two years’ standing, 
or the B.Sc. standard may bo raised. Either of those courses is perfectly practical. ’ 

At present the Intermediate Chemistry course is almost ridiculously easy and, 
it contains no practical work at all. A good toaaher can. get through the 
Allahabad Course in one year working three hours a week. The course” rniofit 
thus be extended considerably. Similarly the course for the B.Sc. until last year 
contained no organic Chemistry. The introduction of this subject will undoubtedly 
allow a widoi- and deeper reading of students for the Master’s degree, but 
perhaps the point which is weakest in the whole Chemistry course in Allahabad iJ 
the practical work for the B.So. (there is none for tho Intermediate!), 

This includes a very easy set of preparations and ordinary simple qualitative 
analysis, but no quantitative work of any kind. 

It; would not be impossible in a properly equipped and properly staffed 
laboratory to take almost the whole of the B.S.J. practical work and put it in tho 
Intermediate course, certainly all the ( preparations ’ should be there. Then there 
would be room (almost a vacuum!) for some quantitative work in the B St 
course. It is most essential that a change should be made in the B.So. course 
for the practical work there is already too light, and the change should be in the 
introduction of quantitative as distinct from qualitative work. A change on 
such lines should not bo sudden, but on the other hand it should not be too 
gradual, and in the meantime the research student will find that a year (the 
minimum time allowed by the Allahabad University) of post-graduate research 
work is not sufficient for a research degree. These remarks find striking confirma¬ 
tion in Professor Kuchlers Report on Physical Laboratories in Germany (page 

5. The Teaching Staff .—The above is only one reason for the lower standard 
of the degrees in Indian Universities A second and equally, if not more 
important one lies in the teaching staff Tho average Indian student is not 

stupid or slow to learn the physical sciences, even when.he begins them for the 
first time in College and not in School, but it is lamentably the fact that he is as 
often as not, badly taught from the beginning, and insufficiently taught as his 
work becomes more, advanced. Now there aro very few, if any, colleges which 
confine their advanced classes to only those studonts who have received their 
elementary instruction in their own lower classes, and the consequence is that in 
the majority of colleges, a large percentage of the students in B.Sc. (3rd and 
4th year) classes are derived from colleges of a lower grade altogether. They have 
often, only just managed to scrape through tho Intermediate examination. This 
fact obviously tends to keep down unduly the standard of the B.Sc. course. Thus 

tho remark that one of tho reasons for the low standard of Indian degrees lies in 
the teaching staff, does not necessarily imply dofoct in those who aro instructors 
for the degree classes, but it implies a defect in the general average of the teaching 

staff in all classes from the very beginning. There is no doubt that things arc 
slowly improving, but that so long as chemistry or , physics are taught from the 

book apart from practical work, in whatever class at all, so long will the tea' her 

tend go deteriorate • the Converse holds equally true. The extension of practical 
work to all classes is a necessity. 

If we consider the M.A. classes, the highest classes for Chemistry or Physics 
We find that the number of affiliated institutions is small indeed. It is so small 
that for obvious reasons a criticism of tho staff is impossible. But a very serious 
question here arises If we consider Northern India we find that there aro not 
more than half a dozen institutions which profess to be able to give M.A. 
instruction, that is to teach up to a standard which is admittedly lower than that 
of English University degree. In these institutions there is never more than one 
teacher for the course and he in every case has to assume the responsibility 
and share in the teaching for all the lower examinations. This defect will bo 
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referred to more fully subsequently. Another even more serious drawback to 
research is the fact that teachers do not keep up with the times. In fact they 
cannot. They lack libraries, periodicals, in many cases materials, and not least 
they lack absolutely that intercourse with those engaged in similar scientific 
pursuits, which is the very spirit of progress. The above applies, in its degree to 
colleges of a lower standard. Those who are teaching up to the B.Sc. standard 
only, have no stimulus from keep abreast of the times. Our courses vary but little 
from year to year, and the majority of teachers are quite content to extend their 
knowledge as the courses arc extended. Some suggestions will be made later in 
this report, for the amelioration of this state of affairs. 

6. Laliorat(rnes apd Accommodation. ~~Since the introduction of Lord 
Curzon’s Education Bill, with the consequent inspection of all affiliated laboratories, 
these latter in the United Provinces have undoubtedly enormously improved. 
The majority of them are quite satisfactory for the work they undertake. There 
are moreover in India several laboratories of. quite as high a standard as a first- 
class English one, and they differ from English ones only in their equipment. 
With the equipment of a research laboratory I shall have some remarks to make 
subsequently, but as regards a description of the laboratory building itself, there is 
no need to take up time or space. 

7. The Research Course, —Hitherto my remarks have been limited to what 
I have called preparatory work, that is the period of study which is necessary to 
fit a student for independent or even assisted research. I now come to the Research 
work proper. 

8. The post graduate course at Oxford,—In appendix B, will be found the 
regulations which concern the research degree at Oxford. To make the course 
quite clear this needs a little amplification. After taking his final examination 
and subsequently his B.A. degree a student wishing to take a research degree must 
decide on. a subject in which he is prepared to carry on some original investigation. 
As a general rule he is dependent on his college tutor, one of the university 
professors or readers, or some other official for his subject, and when he has made 
his choice he sends in an application to the Board to get Ms subject officially 
sanctioned. This step is a very useful one, because it prevents waste of time over 
an unsuitable subject, and at the same board meeting one or two tutors of some 
standing in the university are appointed as supervisors of the students. Supervisors 
are selected who have special knowledge in the subject which the student intends to 
investigate. The supervisors are intended to criticise the student’s work .from time 
to time, to offer suggestions and to give advice if any peculiar difficulties crop up 
in the research, also to see that the whole of the practical work is actually done by 
the candidate himself. On the completion of his work a thesis embodying all the 
details of his research is submitted to the board by the student, when examiners are 
appointed who report on its merits. If it is up to the mark the degree is duly 
awarded. It should be added that the candidate may work in the university 
laboratory or in any college laboratory as he wishes, or as he may find convenient. 

9. Amount of research at Oxford and its manifold Nature. —The research 
done by students is of course the least important of that which is going on at 
Oxford. Every professor or demonstrator, and tutor has his piece of research 
which he carries on in the time which he can spare from his duties as a teacher, 
and naturally the field covered by these researches is very wide indeed. Event 
that of the research students is selected from many different branches of chemistry. 
"While I was in Oxford there were about a dozen students working or preparing 
for the research degree in chemistry, and the widely divergent natures of the work 
going on at Oxford may be shown by the list of researches in progress last year 
(see appendix C.). 

10. Specialization at Oxford. —In this respect Oxford is perhaps rather 
different from German Universities, which tend to concentration more on the 
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particular subject in which the Professor and his chief assistant are specially 
interested. It must be remembered, however, that owing to the system of college 
tutors above described, the total number of teaching experts is much largor propor¬ 
tionately than in German universities, and a wholesome spirit of co-operation 
and interchange exists between the colleges, which enables them to specialize in 
particular branches of the science without any detriment to any of their own students 
whoso inclinations may turn to some other branch. The University lecture list 
for the present year shows the large variety of lecture courses open to students, 
each of which is in the hands of a specialist, and it will be seen to include some 
seven different subjects given by fifteen different lecturers (see appendix D.)> 
This does not include the college tuition mentioned, above. Most of these courses 
are in a varying degree in advance of the requirements of tho degree examination. 
To illustrate in some degree tho manner in which colleges interchange, and the 
benefit of the system to specialization, if, is enough to say that Balliol takes physical 
chemistry, Christ Church inorganic, Magdalen quantitative analytical, while most 
of the organic work is done at the university laboratory. 

The feeling for the maintenance of tho existing college laboratories as opposed 
to all work being carried on at tho university laboratory is very strong and a 
new laboratory is in course of construction at Jesus College which will bo opened 
next year, with a Follow of the college in charge. The great benefit of the system 
is that it enables a college tutor to specialize in a degree which would be quite 
impossible if his duties were more general, with the consequent advantages to the 
students. Thus the specialized inorganic chemist would have little or nothing to 
do with organic work and the students from his college would get their organic 
work done at some other laboratory and so forth. Now this specialization is of 
supreme importance in research and the guidance of research students. While 
dealing with this point, I should iike to call attention to Professor Kuc'Mer’s 
remarks on tho guidance of research in German Universities (Occasional Reports, 
1905, page 11). It is essential that a supervisor should be ‘'conversant with the 
literature of all the work that has been done up to date in the special lino of 
research,” and it is obviously, as a rule, quite out of the question for a professor 
or tutor to direct studies in many different lines of research at tho same time. 
Professor Kuehler’s remarks on this point deal with Physics, but they apply with 
equal truth to Chemistry, a science which has developed in the last twenty years 
into a group of sciences which no. single intelligence can master. 

11. India and difficulties .—When we turn to Indian Universities we find 
a different set of conditions. Here each college is independent and instead of being 
a supplement to other similar institutions it is too often a rival, and specialization 
in different branches of Chemistry by a college is out of the question. In small 
colleges, as has been shown, teachers have no opportunities for becoming acquainted 
with recent work,' much less of doing research work on their own account. 
The large colleges, those in which research work is being carried on for 
university degrees, are prevented from co-operation by distance, and we are 
confronted with one real difficulty to research in India which is the limited 
nature of the laboratory staff, and consequent impossibility of any college keeping 
abreast of the time in every branch of chemistry. If in Oxford it is recognised 
advisable for one man not to attempt to oyen teach all branches of Chemistry it 
is hardly possible in India for one instructor to stimulate research in all branches. 
Now, I do not wish these remarks to he understood as a protest that the staff of 
the laboratories is inadequate for tho work which they at present undertake. On 
the contrary, for my own part, I have always found tho Government of 
United Provinces and Government of India ready and anxious to meet 
reasonable demands for extra help. But it might be beneficial if colleges which 
profess to guide research in Chemistry, would agree among themselves to take 
special interest in different branches of the Science. It might even be advantageous 
if the different universities did the same, a course of aetiob which to some extent 
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at any rate holds in German universities. Under some such system it would be 
possible for a student in, say, Lahore to come to Allahabad for his research course, 
or for some from Allahabad to go to Bombay or Calcutta, if his professor was of 
opinion that he would there get better assistance in hie special subject than at 
his own college. 

12. Indian Professors and Research .-*It is also of the greatest importance 
that the teachers in colleges which guide research should themselves do research 
work. Nothing stimulates research like research. A professor’s work need not 
necessarily be of a deeper kind that than of his pupils, but .he should always 
have something going on in which bis students can take an interest and share; 
Every opportunity should be afforded to a science teacher to take either courses 
in European universities or to go for the purposes of study or actual research. 
It is astonishing how one research leads to another often of quite a different nature, 
and a term of work in Europe and the consequent association, with others engaged 
in research is bound to result in a sheaf of new ideas wh i eh can be utilized for 
self and students on return to India. I mention this because I consider it very 
important that furlough studies should not be limited to pedagogics, but extended 
so as to include the subject actually taught by the Professor. 

18. Libraries .—If there is one thing more than another which is absolutely 
essential in a college where research is carried on, it is a good library* In this* 
respect Oxford is particularly well off. The scientific library known as the 
Radcliffe library adjoins the chemical laboratory, and it contains practically all 
the modern books on chemistry together with a valuable coll e ction of older works 
of historical value, ami all journals of value bearing on chemistry. This library i& 
a reference library only. No books may be taken away, but tables are provided 
which may. be reserved for a term by students, and the library is largely used by 
them and professors alike for referring to articles in current literature and for 
abstracting. This library is largely supplemented by the various college libraries 
some of which are really excellent. Here again the tendency is for specialization, 
and the physical literature would he found in the laboratory devoted to physical 
chemistry, and so on. It must be understood that the literature in any research 
centre must be as comprehensive as possible; it is otherwise quite impossible to know 
whether one is repeating work which has already been accomplished or is working, 
in the right direction. In consequence of this German, French, and A merican m 
well as English journals and books must be included. I have drawn up a list of 
books and periodicals which are absolutely necessary m a research laboratory, but it 
would be a great advantage if a larger central library could be instituted at some 
central institution, which could be used as a lending library for the whole of India* 
to supplement the university libraries which would be smaller. For instance, it is- 
not necessary for each research institution to possess complete sets of all the 
periodicals, but there should be one complete sot available in India, Similarly all the* 
American and even English and German journals are not needful, but these again 
ought to be within a few days’ reach. Allahabad would be a suitable spot for such a. 
central library, where there is already a large library under Government control, but 
of course there are other equally suitable places, and the Tata Institute, or Asiatic 
Society of Bengal in this scheme (see appendix A7.). 

14. Scientific jSocie^es.~Undoubte<lly one of the moat important of all 
stimuli to-research in Europe is the Scientific Society with its Journal. Such societies 1 
in Great Britain include the Royal Societies of London and Edinburgh, the* 
Chemical Society of London, the Institute of Chemistry, the Society of Chemical 
Industry, and similar societies at the new provincial universities. It is in snob 
institutions that chemists meet to read papers on and discuss their work, and in the 
journals that they publish their researches. In addition to these learned societies, 
we have the more local and less pretentious society or club in Oxford which 
corresponds exactly to the colloquium or seminarium. of the German universities 


(see Kuehler, page 12). Such institutions at Oxford are the Junior Scientific 
Club and the Alembic Club, the latter of which confines itself to the study of 
Chemistry, while the former is more comprehensive and includes other sciences. 
Each of these societies has its .Journal in which papers of real value may be 
published, and in addition to the ordinary meetings there is a'grand annual meet¬ 
ing at which some European eamnt gives a special lecture. The Junior Scientific 
Club also gives a conversazione with a special display of recent advances in the 
various branches of science. These two institutions have a very great educational 
value. The reading of original papers by the students, of the reproduction by a 
student of some important piece of recent research, together with the free discussions 
which follow such papers are invaluable, and I cannot express too warmly my entire 
agreement with Mr. Kuchlor’s remarks on the advantages of these meetings. 
(Occasional Reports, page 13). Here again, the distances between centres of 
learning renders it difficult to found and carry on societies of the kind I have 
mentioned, but the time has come when some such steps should bp taken in each of 
our research centres. Such a society would bo the colloquium of Germany and the 
larger co-ordinating society must for the present be left as a goal for which to aim. 
With the introduction of research chomists in Forestry, Agriculture and Mining, 
its attainment is by no means impossible. Possibly an intermediate step would be 
the formation of a chemical section to the Asiatic Society of Bengal, whose journal 
would, even, now, form a suitable medium for the publication of chemical notes on 
indigenous products. 

Since my return to India, I have been given to understand that the research 
chemists from the colleges of Agriculture and Forestry are to meet for discussion and 
formulation of plans yearly in Calcutta. It would bo a great boon to Touchers in the 
provinces if they might be allowed to join these meetings and share in the discussions. 

15, 'Possibilities for Research in India and its Scope. —I hope that in the 
above I have made clear that it is practically impossible for Indian Universities to 
compete with those of Europe in research, and specially that it is impossible for 
any individual institution to bo all embracing in its field of research; also that the 
average Master of Arts is not thoroughly fitted to embark on original work. 

I am very far from meaning by these statements that research should have no 
place in our Indian Universities. It would seem that for the present at any rate 
the manner in which such research as that for the Oxford research degree (B.Sc.) or 
the German Ph.D. can be best helped on, is by the .encouragement of somewhat 
specialized research by the Professors of government institutions, and of research on 
indigeneous products. The Professors’ researoh is sure to have offshoots which can 
be handed over to students, while the latter is as a rule work of a comparatively simpler 
nature, and would be work such as a student might well embark on within a year after 
his Master’s degree. The Agricultural Institute at Pusa and the Forest Department 
College at Dehra Dun might both give valuable assistance in suggesting indigenous 
products in which research might advantageously be carried on, and I should suggest 
that such institutions might also be affiliated to the universities for post-graduate 
research work. 

16. Equipment and grants for research. —That our laboratory buildings are 
on the whole adequate, I have already mentioned. I am afraid that most institutions 
are somewhat badly off in the matter of apparatus. Since my return to India I 
have been informed that any attempt of mine to introduce quantitative work into 
the B.Sc. course will bo opposed by affiliated colleges because of the expense which 
would bo incurred in the puchase of balances. This is typical of the attitude of 
many of our affiliated institutions towards progress. 

On the other hand in Government institutions whore the grant for apparatus 
is liberal, there is too frequently the difficulty which arises from the fact that all 
large indents must go to England and so bo delayed for a year at loast, and 
secondly the difficulty arising from the impossibility of getting inexpensive but 
necessary bits of apparatus and chemicals in India. I am sorry to say that not 


0 ul ' the Professor’s but the student’s research suffers in this way, and I cannot 
urge too strongly that either a more direct control of all the funds for Science should 
he given to the Professor, or that he should at any rate be given a special grant for 
the research department to be spent how, when and where he finds it necessary. 
The recurring expenses need not be largo, but in order to avoid delays through 
having to order through the Secretary of State, I would suggest that an initial sum 
of say Ks. 1,600 should be put at his disposal with a recurring grant of Rs. 600 per 
annum. This should bo strictly limited to research and at the end of a year any 
unspent balance above Rs. 1,800 should lapse. 

The actual apparatus required for research work varies so much with the nature 
and conditions of tho work that it cannot bo discussed here. Any well fitted 

laboratory is suitable for research work and advanced students gain a great deal 
from seeing research work carried on, so that the research room should not be 

isolated from the main laboratory. 


( 9 ) 

appendix a. 

( 'XKX.~~The Hydrolysis of Ammonium Salts by Water. 

By Ernest George Hire. 

i Vm f Y has x(, ° m Y (le8cribGd (Traas.. 1905, 87, 26) » method by which he 
attempted to measure the amount of hydrolytic dissociation of aqueous solutions of 
ammonium salts. The method consisted in boiling the solutions in Jena flasks 
under an inverted condenser and estimating the loss of ammonia at the end of a 
given time. The results were not very satisfactory, but the conclusion was drawn 
that three cases are presented: (1) that hydrolysis may bo inappreciable, (2) that it 
may be dependent on dilution, (8) that it may bo independent of the dilution beyond 
a limiting value. Veley also showed that the extent to which various acids retain 
ammonia is more or less analogous to their avidity, but that the absolute order of 
magnitude is not the same in the two cases. 

Veley’s most striking results were those obtained from the nitrate and 
chlorate, which allowed the escape of comparatively large quantities of ammonia 
wnoreas both nitric ahd chloric acid, being of the same order as hydrochloric’ 
should hydrolyse to a very slight extent. Thus, taking hydrochloric acid as 100 
V eley found the avidity of chloric acid to be 6*9, and ho omitted nitric acid from 
the discussion on the assumption that at the temperature of the experiment the 
nitric acid decomposed and caused secondary reactions. Formic acid also nave 
anomalous results. 6 

It was suggested by Dr. Veley that measurements of the electric conductivity 
' th ° aolations of ionium Baits before and after treatment as in his experiments 
woulo give a more accurate means of determining the amount of hydrolysis. A few 
preliminary experiments showed that this was not so, and that in the case, for 
example, of ammonium sulphate there was very little change, before or after boiling. 

. Tho amourvb of » ra “°nia escaping is so small, and the ionisation in the solution 
is so great, that the variation in the conductivity of a normal or fifth-normal 
solution was almost inappreciable, and the method was abandoned. It seemed 
however, possible that if the escaping ammonia could be led into pure water the 
conductivity of the water might be used to measure the amount of ammonia evolved 
This method proved much more satisfactory. 

Estimation of very dilute Ammonia by the Conductivity of its solution— 
From tho conductivity or resistance curve, it is possible to estimate the 
amount of ammonia which corresponds to any particular conductivity. Accord- 

ingly, if precautions aro taken to avoid contamination of the water it should b 

possible, by aspirating a current of purified air through a solution containing free 
ammonia, and passing the aminoniacal air into conductivity water, to obtain « 
solution of ammonia in water, the conductivity of which is a measure of the 
ammonia dissolved. The method would bo specially applicable when the ammonia 
to be measured is very small. After a number of experiments with various forms of 
aspirators, flasks, and absorption vessels, it was found necessary to purify the 
aspirated air from all carbon dioxide, to secure a uniform rate of flow to avoid 

transfer of the ammonia solution from one vessel to another, to avoid condone 

tion of water vapour on the limb of tho flask containing the ammonium salt solu’ 
tion, and to measure accurately the ammonia solution before takinu its coihIu 
fcivity, also the air passing through the whole apparatus. 

These conditions were obtained as follows : 

The air «. applied tom a, ordiuary ga, holder and w„ jarffcd by JjL, 

" a senes of wash bottles containing potassium hydroxide solution and 

then through a tube ogntamrug glam wool moistened with water. The rate J a ... 
was regulated once for all by placing a constricted capillary tube hot™,» ,ho 
jranfiers and the laboratory vessel to be described. 
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The volume of air passed was measured by collect mg it, after it had passed 
through the absorption vessel over water at 15®, in a graduated 800 o.c. flask with 
a narrow neck. To avoid condensation of water vapour on any part of the 
apparatus -before the absorption, vessel, a special form of vessel was designed for 
con taming the salt solutions, every part of which was kept at the temperature oi 
steam, so that no condensation could take place until the air passing through the 
apparatus had reached the absorption vessel. And lastly, to avoid transfer of 
solutions and to obviate the difficulty of measuring the volume of the solution 
before taking its conductivity,'the cell itself was. graduated and was designed of 
such a pattern that it served as the absorption vessel. 

The CtmdvMivity Qetl and Absorption Vessel.-- A. tube of about 4 mm. 
cross section, bent twice at right angles, was constricted at the end D and 
sealed into the cell E. The constriction was less than 1 mm. the diameter 
of the cell being about 10 mm. The cell was about 0 cm. long, and at 
its upper end a tube of 6 mm. diameter was soaled with a slight constriction at the 
joint. At a distance of 16 cm. from the cell, a small pipette-like bulb was blown 
as ft safety trap for any water forced up the tube, but this was never needed during 
the experiments. The electrodes were as large as possible and about 5 mm, apart. 
They were drawn up against tho sides of the cell, so as to be quite rigid, and the 
connecting, wire passed into mercury cups ben t upwards and extending well above 
the cell. 

The cell was graduated on the two limbs to hold exactly 20 o ,c, (see diagram, 
p. 1277;. 

The Laboratory Vessel.—This vessel, used for containing the solution of a salt 
of ammonium during the passage of 800 c.c. of air, was made as follows: 

One of the tubes of a 50 o.c. pipette was lengthened considerably and the other 
was replaced by a narrow tube with a constriction at the entrance to tho bulb. 
This tube was bent twice at right angles, and tho end of it (<7) shaped conveniently 
as in the figure. The wider tube was bent so as to incline at about 115° to the 
bulb, and on this was placed a small condenser, the end subsequently being bent 
downwards parallel to the bulb, The constmetior is best shown by the figure. 
The end A was drawn out into a strong, narrow point, which could enter the 
narrow limb of the conductivity cell. The condenser was kept hot by a supply of 
steam from a boiler, and the bend of tho tube was covered by lengthening the con ¬ 
denser with wide bore rubber tubing cu t to shape. 

Hound the narrow limb of tho cell a second steam jacket was placed, so that 
the latter met the rubber prolongation of the condenser described above. Thus the 
whole of the limbi? B B was kept at the temperature of steam. It was therefore 
no longer possible for any condensation to take place in this limb (see diagram). 

The bulb of the pipette eras immersed in a very deep water-bath, and the latter 
was covered with the usual rings and a small cap, which fitted over the ends of the 
condenser and the side tube C. In this way the whole of the laboratory vessel was 
kept at a high and constant temperature. Owing to the shape of the limb BB there 
could bo no spurting of tho solution into the cell. 

The end of the tube B B was connected with the cell by a small piece of 
rubber tube, which was wired on to the outside of the narrow limb of the cell, the 
latter being widened for 10 mm. at its end to allow the tube B B to enter. This joint 
was so made that tho glass of the two tubes just touched and the rubber came into 
contact with only the outside of tho tubes. The point A entered into the limb of 
the cell for about 8 mm. The ceil was immersed in cold water during the experi¬ 
ment. 

Method of Experiment. —At tho beginning of an experiment, conductivity 
water, prepared as subsequently described, was placed in the cell and its conductivity 
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measured. This was found to be slightly diminished by passing the air, purified atf 
above, through the cell for fifteen minutes. JSTo water was considered suitable which 
had a greater conductivity than T5 x 10— 0 units. 

A solution of the salt was made in conductivity water in a 200 c.c, flask kept 
for the purpose. Of this solution, 50 c.c. were withdrawn by a pipette, also kept 
for this purpose but not specially standardised, placed in a small beaker, and 
irn mediate ty drawn into the laboratory vessel by connecting a rubber tube to li A 
and aspirating the solution through 0, The rubber tube Was then removed and the 
end of the glass tube A rinsed with conductivity water. The laboratory vessel was 
then, placed in the water-bath and joined up with the cell, which contained about 16. 
c,c. of water at the beginning of an experiment A bent hood fitted over the top of 
the cell by means of a rubber collar led by a long delivery tube to the 800 c. c. flask 
inverted over water, in which the air passing through the apparatus was collected 
and measured. The water was always kept at 15°, and towards the end of the 
experiment the flask was sponged with water at that temperature. 

When the connections were made, the boilers and water-bath were heated, and 
after a few minutes air regulated as previously described was passed until exactly 
800 c,c, had been collected in the measuring flask. This took a little less than an hour. 
The air was then stopped and the cell disconnected. The cell was filled up to the 
graduation mark with water directly from the conductivity still and placed in the 
thermostat; which held several gallons of distilled water. It was 


W, water-bath ; XX, graduation mark on tlio cell; Y, copper cap fitting over tke water-bath rings, 
with openings for the Umbu of the vessel; ZZ, mercury caps, 

heated to little above 18° by a current of steam and allowed to cool slowly. When 
the temperature reached exactly 18°, the conductivity was measured. 

With the apparatus above described, sixteen experiments were made with 
five different concentrations of ammonium sulphate solution. The results were 
quite satisfactory, the resistances measured differing by less than three per cent, 
from the mean for a particular concentration. Thus for normal ammonium 
sulphate the values were 1019, 1027, 1069,1087,1083. These were the most discord¬ 
ant results obtained, and a Resistance of about 1000 ohms is the least favourable 
resistance for estimating ammonia by the conductivity method. The reason is that 
when the resistance is less than 1000 ohms, the nature of the resistance curve is such 
that only a small difference in resistance is shown by a comparatively large difference 
in the ammonia present. In these eases, therefore, the ammonia was esoiiuated by 
titration, For such determinations the laboratory vessel was used in conjunction with 
a long test-tube containing a measured quantity of standard add. The tuba was 
fitted with a doubly-bored rubber stopper, which carried a straight tube passing to the 

The long tube 


bottom, and a short bent tube, which just passed through the stopper, 
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was connected with the end A of the laboratory vessel, whilst, the short end 
was connected with the delivery tube leading to the collecting flask. The test-tube 
was rather more than three parts filled with acid. The acid was titrated before and 
after tha passage of 800 c.c. of air, With a very dilute ammonia •solution. - The 
latter was standardised for every experiment with standard hydrochloric acid, which 
also was standardised from time to time with both silver nitrate and sodium 
carbonate. Experiments were made to ascertain wherfcher a second absorption tube 
was required, but it was found that one tube of acid, containing 50 c.c, of acid 
(1 c.o. = 0-000475 gram HCI), absorbed all the ammonia. 

With ammonium acetate, the following values were obtained on different day a 
with different solutions : 

Grams of ammonia absorbed in the acid 

IV. K/ 5 . JT/25. 

A. 0-0323 0-00861 0-00169 

B. 00322 0008.16 0-00163 

To compare the absorption method with the conductivity method in the least 
favourable eases of the latter, measurments of N/6 salicylate may be quoted. 

Two experiments gave 1042 and 1030 for resistances, the mean of these 
corresponding to 0*00111 gram of ammonia. By the absorption and ritration 
method, the estimated ammonia was 0-001145 gram, 

Redwtion of Resistances to Percentage of Ammonia .—In order to reduce the 
numbers obtained for the resistance of the ammonia, solution to percentages of 
ammonia, it was necessary to plot a curve for the specific resistance of dilute 
ammonia solution, and read off the values corresponding to the specific resistance of 
the solution. 

Those are two sets of figures at 25 9 for' the conductivity of ammonia, and a, 
third set at 18°. The first mentioned are by Ostwald (Alt-g- Chew,., 1893) and 
Bredig (Kohlrausch and Holborn, leitvermogen der Elehtrolyte), and the latter by 
Kohlrausch (Lqndolt and Bornstein, Phys. Ghent,. Tabellen). For dilutions such as 
those dealt .with in this paper, these figures do not agree among themselves, and 
when the curves are -plotted side by side it is seen that Kohlraosch’s curve and 
Bredig’s curve run parallel, and that when the latter is corrected by the temperature-, 
coefficient for the dilute ammonia, the two curves differ by about 10 per cent. 
Kohlrausch’s figures for the resistance due to a given percentage of ammonia being 
about 10 per cent, higher than those of Bredig. 

Ostwald’s curve almost touches Kohlrausch’s at 0-25 per cent, ammonia, but 
then diverges and cuts Bj-edig’s at the point corresponding to 0-0125 per cent, of 
ammonia. 

The difference between these curves was sufficient to make it necessary for the 
author to determine a curve of resistance for dilute ammonia, and it was obviously 
most satisfactory to do this part of the work under conditio us as similar as possible 
to those under which the resistances to be converted were obtained. 

The method adopted was to pass air through ,a solution of ammonia in the 
laboratory vessel, absorb the issuing ammonia in conductivity water in the cell, and 
determine the resistance. It was found, as will be shown, that the ratio of the 
escaping ammonia to the total ammonia in the laboratory vessel was constant, and 
for the conditions of the experiments was 87-5 per cent. 

The ammonia solution was prepared by mixing pure ammonium nitrate and a 
solution of fx-eshly prepared potassium hydroxide in conductivity water in a Jena 
distilling flask. The arm of the flask passed into an ordinary Jena flask fitted with 
a doubly-bored rubbor stopper, tho second hole of which carried a potash tube. A 
Current of washed hydrogen was then passed through the two flasks for several 
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minutes and the distilling flask gently warmed. Ti e ammonia dissolved in tho- 
conductivity water, and the distilling flask was removed. The latter was replaced 
by a burette fitted with a potash tube, and the ammonia solution was d rawn up into 
the burette. It was then titrated against. Jf /100 hydrochloric acid. To perform an 
experiment, a few e~c. of the titrated, ammonia solution wore run into a small graduated 
flask containing conduetivity water, and the volume was made up to 1.00 
c.o. Fifty c.c, were then introduced' into the laboratory vessel, and the other 
experimental conditions were precisely sinjilar to’thosw already described. During 
these experiments care was taken, to keep the air of the laboratory as free as 
possible from carbon dioxide. 

Two series of experiments with different ammonia solutions were performed. 
The agreement was satisfactory. 

Series I. ’ Series II. 

Ammoain in laboratory 
vassei 


Resistance in coil. 


Ammonia in laboratory 


Resistance in ceil. 


sresaol. 


0*000301 

2056 


0000759 

1321 

0-000860 

1316 


0001618 

m ', 

0*0001055 

mo 


0-000556 

' 1880 

O.OOOO077 

4206 


0-001897 

340 

0*0003338 

. mi 




0*000489 

6601 


One c.c, of the ammonia solution contained 

0*0001075 

1077 


0*0000759 gram of ammonia. 


One c.c. of the ammonia 

solution in tho burette 




contained 0*0000782 gram of ammonia., 

From these values a curve of resistances of the ammonia in the. cell was plotted 
and used for converting the other resistances into percentages of ammonia The 
porportion of free ammonia passing from tho laboratory vessel into the cell was 
stated above to ho 87 5 per cent. Xhisjwaa shown as follows :— 

A solution of ammonia free from carbon dioxide, prepared, in the manner 
previously described, was titrated against standard ucid. Of this solution, a mea¬ 
sured quantity was run from the burette into a graduated flask and the volume 
made up to 200 c.o. Fifty c.c. were now drawn, into the laboratory vessel and 800 
c.c. of air aspirated through it in the usual manner, Tho issuing air passed through 
standard acid which was titrated before and after tho experiment. 

The following experiments were peformed - 

The original ammonia solution contained 0*001G43 gram per c.c. 

The standard acid used for absorption was titrated against theorginal ammonia 
solution before and after the experiment. Thus the difference between the two 
values gave tho amount of ammonia absorbed by the acid. 

Ammonia introduced into the Ammonia passing into tbe 

acid in c.c* 


resscl in e.o. 


Mean. 


150 

13*25 > 


13*15 > 

13*16) 

13*18 


10*0 

8*70 *> 

8*70 j 

870 

&Q 

4*35 ) 

4*40 j 

4*375 

2*50 

.2*20 ) 


* 2*15 [ 

2*183 


2*20 ) 


1'2$ 

1*10 

MO 


The ratio of ammonia in the vessel to the escaping ammonia absorbed by the 
acid is consequently— 

1 : 0 - 879 , 1 : 0 - 870 , 1 : 0 - 875 , 1 : 0 * 873 , 1 : 0 - 880 . 

The ratio may thus be considered constant,, and it may be assumed that 87*5 
per cent, of the ammonia passes from the laboratory vessel into the cell under the 
conditions of the experiments. 



Effect of Dissolved Salts on the Escape of Ammonia.— In'the hydrolysis of 
ammonium salts with water, the amount of free ammonia in the salt solution is 
small compared with that of the total salt dissolved. It was necessary to ascertain 
what influence tho dissolved salt had on the rate of escape of ammonia under the 
conditions of these experiments. Baou.lt (Ann. Ohim. Phys., 1874, [v], 1, 
262), who used strong solutions, states that ammonium chloride decreases the 
solubility proportionally to tho amount present, but that ammonium nitrate has 
no effect. The latter atatem ent was confirmed by Gaus (jS&tt, anorg, Ohem. : , 
1900,25,236). 

Penman (Trans., 1902, 81, 482) gives details of two series of experiments, 
from which he concludes that ammonium chloride may form a complex molecule 
with ammonia and that the effect of this is to decrease the vapour pressure of the 
ammonia. He, however, was working with very strong solutions of ammonia 
(12—1$ per cent. NEP), and his conclusions were derived from a comparison 
with an ammonia, solution containing the same percentage of ammonia and water. 
If the comparison is made with a solution containing the same mass of ammonia 
in unit volume, it i& seen that the effect of the ammonium chloride is to increase 
the vapour pressure, or to decrease the solubility to the ammonia. Paunan’s 
figures also seem to show that the alteration in vapour pressure increases with the 
amount of salt in solution. 

It was necessary, therefore, to de tennine what happened with such concentra¬ 
tion of salt as the author was using. 

To ascertain the effect of ammonium s alts on the rate of escape of ammonia 
from its solutions under the conditions of the author’s work the following experi¬ 
ments were made 

A dilute solution of pure ammonia was prepared, 50 c.c. of this introduced 
into the laboratory vessel, winch as in all cases was heated in the water-bath and. 
800 c.c. of air passed through it, the issuing air and ammonia passing through a tube 
of standardised acid. The conditions of this experiment were in all respects similar 
to those previously described. The acid was subsequently titrated with dilute 
ammonia. In another experiment, a gram-molecular solution of ammonium nitrate 
was made up in some of tho ammonia solution and 50 c.c. of this used in the 
laboratory vessel, and in a third case amm onium chloride was used. 

Two series of experiments with different junmonia solutions, which, aocident-* 
ally, were of the same strength, gave— 

Series A. • 


Standard ammonia 


Fifty c.c. of each solution used, 

required for neutralist 

mg the acid after 
passing the air. 

Ammonium chloride (10*7 grams in 200 c.c. 


of ammonia solution) 

... 44-75 c.c, 

Ammonium nitrate (18’0 grams) 

.. 44-70 „ 

Ammonia solution alone ... ♦ ... 

44-70 „ 

The amount of ammonia required before 
passing air was... 

... 52-70,, 

Series B, 


Ammonium chloride as above ... 

44-70 c.c, 

Ammonium nitrate „ „ 

... 44-76,, 

Ammonia solution alone ... 

... 44?70 ,, 
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It may thus bo concluded that the dissolved salts do not exert any Influence 
on the escape of ammonia when the amount of the latter is small compared with 
that of the dissolved salt. 

There seems no doubt, therefore, that the ammonia evolved under the condi¬ 
tions of the author’s experiments is a measure of the relative hydrolysis of the 
salts used., 

The Conductivity Water. —The water used in these experiments, both for 
preparing the solutions of the salts and for the absorption of the ammonia, was 
made by distilling tap-wator (which had been well boiled for ten minutes) through a 
dilute solution of permanganate acidified with dilute sulphuric acid and then through 
a solution of permanganate made alkaline with potassium hydroxide. The two 
permanganate solutions were contained in Jena flasks of 1000 c.o. capacity and 
were kept about one-third full. 

The issuing steam passed through a trap and was finally condensed in a 
specially kept Jena flask. With this apparatus it was easy to got a sufficient supply 
of water with a conductivity not greater than. 1*5 x 10- 8 at IS 0 . 

The cells were standardised by comparison with solutions of potassium and 
sodium chloride at 18-0°, and the following values were obtained:— 

Solution.. Cell 1. 

(1) N/50 Sodium chloride «•< ,.> ... 0-09Q41 

(2) N/50 Sodium chloride M , — 

<3) KT/500 Sodium chloride , v 0*09025 

t (4) N/5O0 Sfxlium chloride *.»• ... 0*09029 

(5) N/500 Sodium oMorido ; M 0*09020 

(6) N/XOO Potaasiiim chloride 0*09031 

Mean «.*• mi 0*09034 0*00591 

Hence the ratio of the cells to ono another was 0-09024 to 0-06591, or 1-369 

to 1-000. The first three values were determined before the commencement of the 
work, but the values in experiments (4), (5), and (6) were obtained during the 
research (6) being taken on the completion of the experimental portion. The value 
of the cells had, consequently, not changed during the work, 

The, Safes.-—The salts used were the chloride, chlorate, nitrate, sulphate, oxalate 
salicylate, succinate, citrate, bonzoate, acetate, and formate. Of those the organic 
salts were kindly supplied 'by Dr. Veley, whilst the others were roerystallised. 
from good specimens in the laboratory. An exception must be made in the ease of 
the chlorate, which was prepared from barium chlorate in the usual manner. It 
gave no trace of chloride after two crystallisations. The organio salts were all 
recrystallised with the exception of the citrate, and had all been supplied originally 
by Kahlbaum. 

The ammonium acetate was dried over solid potassium hydroxide in att 
atmosphere containing ammonia gas after the crystals had been dried as far as 
possible on blotting-paper. 

In addition to the above, fine crystalline specimens of the ammonium salts 
of monoehloroacetic and trichloroacetic acids were prepared. Unfortunately both 
decomposed under the conditions of the experiment, the former yielding a consi¬ 
derable amount of hydrochloric acid and the latter chloroform. 

The Solutions.— The solutions were made by weighing out exact quantities of 
the salts in a weighed beaker and making up to 200 c.o. with conductivity water, 
The strengths used ware normal, fifth-normal, and twenty-fifth normal. The 


Cell 2. 
0-06609 
0-06609 
0-00049 


0-06697 





adivtioms Ytcfb always used immediately after being prepared, and the following* 
table gives the measurement obtainodt— 




■■■■ itf< 

>rmal. 

0*2 normal. 

0 4 normal. 




—✓ v-X 

. 

, ---^ 

Salt.. 


Col) 1. 

Cel! 2. 

Coil 1. Ceil £ 

Cell 1. Cell 2. 

QUoridb 

■ 

3650 

(2695) 

3470 

ms 



■ «. 

2420 

8577 

7314 (S345) 

Kitrate 


342S 

(£5495) 

7498 (3796) 

76U (5659) 



.' , ' ; : -«— 

2638 

3602 • 

6443 

Chlorate 

■ #** 

*<■« 

2496 

- m 

7160 (5327) 

Salicylate 


■ ■ : —* . 

-r^ / 

1030 

3172 (2317) 



v ! j :X-Xr&X, : 1 ~~ 

,r ‘ ^7:7’': 

1427 (1042) 

2223 


*ir« 

»«• 1 "’■** 

-- 

'830 

2399 (1752) 



mi*a 

||| 

— ’ 

1639 

. Formate 

• ,, 



-00 

— 

Sulphate 

«»« 

... 

1048 

mB (1678) 

2081 




—H 

; — 1862 

£780 

The numbers 

in 

brackets are the values for cell 1 divided by 1*369, and hence? 


tfouTid' be the resistances of'the solution, in cell 2* 

A a previously stated, the conductivity method was not accurate when the 
resistance in the cell was less than 1,000 ohms, but in such cases the titration method 
already described could easily be applied. As an example of two experiments, 

we have— . ■' 1 : l : % : Jj!■.■ ; ' ' . . ff X.X- V ' 

Ammonium acetate, N/l solution, 50 c.c. acid used for absorption 


Ammonia solution used for titration, 1 c.c 
hydroxide 

Before absorption, 50 c.c. acid 


0*00087 gram ammonium 


114*00' c.c. ammonia*, after absorption 

: 87-1 x 0:00087 


. ( a ) 77*30, (b) 78*50, mean = 76*90 j. hence ammonia absorbed 
: 0*0323 grams. , 

By using the above method as a supplement, to the conductivity method, the 


following table was obtained. 


it the resistances are converted into ammonia,, 
which is given as the actual amount passing over from the laboratory vessel. 

In all cases except that of the chlorate, the values are the moan of at least 
two concordant results. In the case of the chlorate, the values are for single 


0*000255 
Q'00024$ 
0*000300 
0*001016 
000562 
0-01998 
O-O3230- 
0*01121 
0-00900 
00088 
0O12I7 
00024 


N/6. 

00001X8* 

o-ooom 

0‘oooim 

0000448 

0*00113 

0*00878 

0-O083& 

0*00226 

0-00200 

0*00186' 

0-00574 


Sf/25. 
0*0000623 
0*0000520 
0-0000569' 
0*0003X3 
0*000301 * 
0*000798 
0*00106 
0*000040 * 
0*000420 

0*00272 


experiments :—* 

Salt, 

Chloride... 

Kit rate ... 

CViflrfctft mi «♦* 

$ulprjate s *v* 

Salicylate 
Bcnxoate- 
Acetate ... 

Forirtkte »,» ... 

Succinate «•* ^ 

Oxalate ... *** 

Citrate ... ««» 

Monochloroftcetate «.♦ 

# V'aluos 'higlt} obtained by conductivity flatbed* probably slight ctompositioia; and evolution of 
tarboa dioxide, bcnco towering the resistance in the cell. 

In the case of dibasic acids,, half molecular weights were dissolved in a litre of 

normal solution. 

In the preceding table we have several sets of cases. There are monobasic, 
dibasic, and tribasic acids, and the two. forme*, contain both weak and strong: acids. 

Monobasic Adds .—These form only one simple salt, and consequently only 
one type of hydrolysis is possible. According as the acid is strong or weak, the- 
equation for the hydrolysis constant will be 


Cas^ Cbost 
CmU 


« K, or 


Cad: 


CW 


Kr 
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Dibasic Aculs, .In the case of the salts of dibasic acids, hydrolysis may take 1 

place in two ways:— 

(1) A'B'g + =• A'BH + BOH. 

(2) A"B' 2 + 2H 3 0 = A"H 2 + 2BOH. 

Where the amount of hydrolysis is small, as in the above experiments, it’may be 
assumed that the first of these equations holds, and the equation- for the hydrolysis- 

constant becomes K =, or K = according as the acid is strong ; 

or weak. 


These equations may be written' K> — or K ~ --- respectively. 

If in the above equations we take the ammonia liberated under the conditions 
of the experiment as CW, we have a means for calculating the hydrolysis constant 
of the solutions used. 


In the following table, the equation K ~ 
acids, whilst for the rest, K = B0H 


0 s : 


BOH 


Osult 


has been used for tns first four 


Salt, 

Chloride 

Nitrate 

Chlorate 

Sulphate 

Oxalate 

Suecinato 

Formate 

Benzoate 

Acetate 

Mono chi oroacetat e 
Salicylate ,, 




K X 'lOC 

• _J. 

■JKX 1CH. 


r 

dr. 

\ 

W/5. 2V/25. m 

iV/5. 

. ' 1 " V, 

iV/25. 

V.V. 

... , a-00650 

0-00690 0-00684 2'58 

2-62 

2-61 


0'00591 

O-0C605 0-00657 243 

246 

2*57 

... 

0-00655 

0-00708 0-00731 2-56 

2-66 

2*7(1 

... 

0-103 

0-100 - 0*114 10*15 

16-00 

10*6 

— 

7*74 

8*51 — 88-0 

92*5 

nTIII 


... 9*80 

10-0 11*0 99-0* 

100-0 

.105*0 


... 12'4 

12 6 — 112*1 

112-5 


... 

... 39-9 

34*9 39*8 199*8 

1890 

199*5 

... 

... 1610 1?5*0 172*0 323*0 

419*0 

4X5-0 

kt 

0*576 

—’ — 24*0 

— 



3*03 

3-19 — 55*2 

56-5 
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the. experimental method. It may be noted that the nitrate and chlorate behave 
quite normally, and that the formate gives also a satisfactory result. 

The value for the normal solution of the acetate is abnormal. This does not 
seem to be due to experimental error, since two sets of experiments with different 
solutions gave concordant results. In this respect, attention may be directed to 
Yeley’s figures for the acetate. He found that the normal solution gave a little 
more than half the percentage of ammonia which was given by 0-2 normal and more 
dilute solutions, and since the acetate is the salt of the weakest acid used, the 
figures for this salt should be tho most accurate. It therefore appears that in con¬ 
centrated. solution the aoatate is proportionately less dissociated. 

If we take the inverse of the above figures, we ought to find 1/K proportional 
to tho dissociation,eonstant8 of the acids the salts of which' are used, and yl )K pro¬ 
portional to the avidities of the acids obtained by dynamical methods. Since, how¬ 
ever, the dissociation constants of the strong acids cannot be used for comparison, 
We mu st u se tho molecular conductivities 'of their solutions and compare these 
with yll [K. In the following table are given the values for yfl/#. (hydrochloric 
acid= 1), also the ratios of the molecular conductivities, and the values for the 
avidities of the acids obtained from the velocity of decomposition of methyl acetate 
and the inversion of cane sugar . 


Salt, 


//IK, 


Molecular 

conductivity. 


Chloride 

Nitrate ' 

Chlorate 

Salicylate 

Formate 

Benzoate 


Inversion’ 

of 

cane sugar. 


Decomposition 

of 

methyl acetate. 




1*000 

1*000 

1*000 

1-000 

• If 

»•* 

„♦ 1066 

0-991 > 

1000 

0-915 


% 

••• 

0-985 

1*000 

1-035 

0*944 



... 0-046 

0*032 

—. 

—- 

»»• 


0*023 

0017 

0-015 

0013 

»»»■ 


0*013 

0-008 
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/m 


Molecular 

conductivity. 


0*000 

0*106 

0*262 

0*029 

0*026 


0*004 

0*049 

0*625 

,0197 

0*006 


Itiveraiofi 

of 

cane sugar. 

0*004 

0*048 

0*536 

0*005 


Decora PpCitW 
of 

methyl acetate. 
0*0034 
0 043 
0541 
,0*174 
0*005 


Acetate 

Mono ehlor once tat c 
Sulphate ••• 

Oxalate ... 

Succinate ■ •i 1 *4w^ , '- v 'ij ‘$?J ■PPiiIOTT U M \WVV 

NotE.-Ih the above table, tlio conductivities for salicylic and bon^oic acids which will not form 
normal solutions have been calculated from their ratios to acetic acid at lower dilutions. 

In dismissing the above results, we may first take the monobasic acids. Here 
we find a very good agreement bptb m order and "magnitude with the figures 
obtained by any of the other methods. The strong acids are almost equal and the 
ratio of the four weak acids is the same as that of the conductivities. The agreement 

here is particularly striking, the ratios being 

Salicylic. 

s/l/jST oc „« »«• »»» »»• 0 032 

... 0*032 0*017 0 0087 

Conductivities «.« * * ■. . . 1 , 

Or wo may comp&ro IjK with tho dissociation constants of those in which 

ease a*am making the values for salicylic acid the same, we obtain- 
’ ° Formic 


Formic. 

Bela zoic. 

'Acetic. 

0:016 

0*0087 

0*004 


0*004 


Salicylic. 
102 
102 


26*0 

21*4 


Benzoic 

8*2 

6*0 


Acetic. 

1*8 

1*8 


1 /K oc 

Dm*, const. X 10® — ■" . , , ,, .. , ,, 

Here again the numbers are distinctly of the same order of magnitude. It will 

he noted i/the table, that when hydrochloric acid is taken as the standard for com¬ 
parison, the weak monobasic acids give slightly higher figures than are given by the 
conductivities, &c. In this connection it may be suggested chat the discrepancy is 
due to the different, temperature-coefficients of strong and weak acids, the conduc¬ 
tivities being at 25° and the author’s experiments at nearly 100°. It would not 
appear likely that it is, to experimental error, either in the curve for the resistance 
of ammonia solutions or in the other observations, since the values obtained for K 
in the different dilutions are so closely constant. 

, Dealing next with dibasic acids, y have to remember that, in the hydrolysis of 
a sa { fc of a dibasic acid, the ammonia neutralising the weaker acid hydrogen is 
removed first. Thus the method described could not be used to measure the strength 
IVtfw first hvdrooen (or ionisation). That it depends on both the ionisation con- 

u 1™ wow.' vm an- *ffc - 


K^Cx n- 2 « Cut' X On- and K^GaW = Oa" x <V- 
where K , and i? 2 are the first and second ionisation constants. 

Now 

OhHi" + (7nH,jOH l A' + 'UH' + (- AH'.. 

and (positive == negative charges) 

Omi + On- = 2 (7a" +Cah- + OoW; 
where Ob! and C Q n' are very small and may be neglected, s.o that 

On Bi — 2(7 a" + 0 ah' 

.From (1) and (2) we get 

CNH 4 OH "F <7a* OaHj 

.But Q 

CvBi ~ 2Ca’ + Oka.' - 2GV -j- 


x Ob' 


c 4 + t) 


K„ 


(!)• 

( 2 )- 

(3). 

m 


Similarly from (1), 
Cx h 4 4* 0nh 4 oh : 


CV + CW + 


C-Aa 7 4* CV 


CV 

Ca* 

Ok• { 


Cab' 

Ok" 




1 + 

X On 


K, 

Oh) 

%)’ 


{}+%}■ 


1 + 


k; 

On 0*n- \ 

if* j 


( 5 ); 






miST^y. 
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from (4) and (5), 
Cm t 0H 

agd hence 


0.i 


lor 4 on 


C. 


KH. t 


+ a 


XU 4 OH 


1! 

***£-*** 

j \ 

j 


.... 

r< J G'V 
■ \ K X K„ 

>} 

Ga- 

0 + % + 

k, A' 3 i 


U’H- - k t K, 



+ K t Cw -|- G* 3 !)- 

That is, the relative amount of hydrolysis is proportional to a term involving both 
the first and second ionisation constants. 

Thi Percentage Hydrolym in, Solutions of Ammonium Suits at 100°.—Thie 
may be to soma degree determined from the above data; thus, in normal ammonium 
chloride we have 17 grams of ammonia (combined) per litre, and in the laboratory 
vessel (50 c.c.) we have 0-85 gram. But the free ammonia is 0-000255 X 1 14.3 (the 
inverse of the partition coefficient for ammonia, 0*875). 

Thus the percentage hydrolysis is - ( -- ^ ( ^ 0039 - ■= 0-0341 per cent, similarly, 

for 2V/5 acetic acid we get 

0 0823 x 1 141 x 100 Q/J 
-^—-— SC 4-34 per cent. 

These values are doubtless too high, since, as ammonia is evolved from the solution, 
hydrolytic action, to a less degree, continues. 

They cannot be compared with values obtained by other methods, as the author 
is not aware of any determined tit so high a temperature. 

Conclusions. 

1. The hydrolysis of ammonia Salts with water is in accordance with the laws 
,of mass action for sqiLjjs of strong and weak acids. 

2. This hydrolytic dissociation is inversely proportional to the “ strength >? 
,of the acid, that is, to the square of the conductivities of solutions of the acid, or their 
ionisation constants, in the case of univalent acids only. 

8. In the case of bivalent acids, the relation between hydrolytic dissociation 
,of salts and the two ionisation constants of the acids is complicated, and the hydroly¬ 
sis cannot be used as a direct measure of either of the ionisation constants or the 
“strength” of either of the acid hydrogen atoms in the acid. 

4. Certain maximum values are determined for the degree of hydrolysis at 

100 °. . 

The author’s thanks are due to the authorities of Magdalen College, Oxford, for 
,a grant which covered laboratory expanses, and to Mr. J. J. Manley, the Daubeny 
Curator, for kind assistance in making the apparatus used. 

Magdalen Collide, 

APPENDIX B. 


OXFORD UNIVERSITY STATUTES, 

Statt. Tit. VI. Sect. IV. 

October , 1905. 

Seotiok IV.-OP THE TIMES AND EXERCISES REQUIRED FOR 
DEGREES IN LETTERS AND IN SCIENCE. 

§ i. Of the Degrees of Bachelor of Letters and Bachelor of Science. 

Any person who has been permitted by the authority and in the manner 
hereinafter provided to enter on a course of special study or research may suppli¬ 
cate for the Degree of Bachelor of Letters or Bachelor of Science, provided that he 
has satisfied the conditions prescribed by this Statute. Science shall be taken to 
include Mathematics, Natural Science, Mental and Moral Science, 
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§ 2. Of the admission of Candidates for thee Degrees oOSaohelbf of Letters ttnfif- 
Bachelor of Science, and the Conditions of supplicating for these Degree*. 

1. Any person who has been, or -is qualifier! to be, matriculated in the 

University and is not under the age of twenty-one years, may give notice to the 
Secretary to*the Boards of Faculties o f his desire to be admitted as a Candidate for 
the Degree of Bachelor of Letters or of Science and thereupon to enter on a course 
of special study or research. Every such notice shall state in general terms the 
subject and nature of the proposed course, and no course Bhall be admissible which' 
does nob extend over a complete year. The Secretary shall transmit every such 
notice received by him to. the Chairman of the Board of the Faculty or of Studies 
which includes the proposed subject for the approval of the Board. Such approval 
shall nob be granted unless the intending Candidate (1) has passed the Examina¬ 
tions required for the Degree of Bachelor of Arts, or has given evidence that he has 
received a. good general education, satisfactory to* the Committee hereinafter 
constituted for the purpose; (2) has satisfied the Board of Faculty or Studies to 
which his subject belongs of his fitness to- enter on a course of special study or 
research ; and that the course of study or research on which he proposes to enter is • 
such as may profitably be pursued under, the direction aud superintendence of the 
Board. If the notice given. by an intending Candidate is approved by the Board, the 
Secretary shall notify the fact to him; and he shall pay to the University Chest 
through the Secretary a fee of .45 within a fortnight of such notification, or, if at 
the time he is not yet a member of -the University, then within a fortnight of his 
matriculation. He shall thereupon be deemed to have been admitted-as a Candidate 
for the Degree of Bachelor cf Letters or of Science; and the Secretary shall register 
his name, and his notice as approved by the Board, in a book to be kept for the 
purpose. . 

2. The Committee appointed to consider whether an intending Candidate has 
received a good general education shall be composed of one representative of each 
of the following Boards of Faculty or of Studies, namely, Theology, Law, 
Medicine, Natural Science, Liter® Humaniores, Oriental Languages, Modern 
History, English Language and Literature, and: Modern Languages, which repre¬ 
sentatives shall be elected at the first meeting of each Board after this statute shall- 
come into effect, and shall hold, office for two years, at the expiration of which' 
period there shall be a new election, and so on, from time to time, provided that 
vacancies on the Committee caused otherwise than by lapse of time shall be filled up 
for the remainder of the biennial period. 

3. The Boards of the Faculties shall have authority to direct and superintend 
the work of Candidates admitted as aforesaid, and to make such general regulations 
as they shall think fit. 

4. The Boards of the Faculties may appoint Committees composed of graduate 
members of the University, or- other competent, persons, and may authorize any 
such Committee to report to them regarding the fitness of an intending Candidate 
for the course of study or research on which he proposes to enter, and to superintend 
the work of a Candidate admitted as aforesaid, and to report thereon to the Board 
of the Faculty to which his subject belongs. A Board shall have power in special 
cases to recommend to the Vice-Chancellor and Proctors that a remuneration be 
paid to a person so appointed to superintend the work of a-Candidate or to report 
thereon, and to suggest the amount of such remun oration : provided. that (1) the 
Board shall report to the Vice-Chancellor the circumstances of the case, and that 
(2) the Vice-Chancellor and Proctors shall determine the amount at their discretion, , 
and that (3) in no case shall such remuneration be paid to a Professor or Reader. 

5. Any Candidate who has completed his- proposed course of study or 
research, may at any time not less than twelve months after his admission apply to 
the Board of the Faculty or Studies for a certificate that so far as proficiency in the 
subject of his course of special study or research is concerned, he has attained a high 1 
standard of merit. Such application shall be made to the Board through tha 
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Secretary, and the Candidate shall at the same time pay to the University Chest 
through the Secretary a fee of £5, On receiving the application and the fee the 
Secretary shall transmit the application to the Chairman of the Board. On receiv¬ 
ing such application, the Board of the Faculty or Studies shall appoint Examiners 
who shall satisfy themselves as to the merit of the Candidate, and lus proficiency in 
the subject of hia course of special study or research, either by examination or by 
requiring from him such Dissertation, or report of work done, as shall be directed 
by the Board; provided that if a Dissertation be required, notice shall have been 
given to the Candidate of the intention of the Board, as soon as may be after his 
admission as a Candidate. Any Candidate who is directed to submit a Disserta* 
tion or report of work done shall be further publicly examined in the subject of 
such Dissertation or report. Before granting a Certificate the Board shall have 
power to require the publication of the Dissertation or report or of some portion, of 
it in such manner as the Board shall think desirable. It shall be the duty of the 
Boards of the Faculties or studios to grant Certificates to those Candidates only who 
are reported to them by the Examiners to have attained a high standard of merit; and 
to state and publish in the usual mariner the ground on which the Certificate has in 
each case been granted, together with the names of the Examiners who have reported 
to the Board. Provided that if the Examiners are evenly divided as to the stand¬ 
ard of merit attained, the Board of the Faculty or Studies shall be empowered to 
satisfy themselves in some other way as to the merit of the Candidate, and to grant 
the Certificate, if they see fit. 

6. An entry of the names of those Candidates to whom such Certificates have 
been granted shall be made in a book to be kept for the purpose. To the name of 
each Candidate shall be appended a description of the course of study or research 
which he has completed, together with a statement of the grounds on which the 
Certificate has been granted. Every entry shall be signed by the Chaisman of the 
Board of the Faculty or Studies, and by the Secretary. This book shall be kept in 
the custody of the Secretary« 

7. The Examiners to he appointed by the Board shall always include! one at 
least of any Professors or Readers who are appointed to lecture and give instruc¬ 
tion in the subject or branch of study which includes the subject offered by the 
Candidate, provided that the Board may, if requested by any such Professor or 
Reader, appoint an Examiner to act in substitution for him. 

8. No Candidate shall be permitted to supplicate for the Degree of Bachelor 
of Letters or for the Degree of Bachelor of Science, unless he has kept at least 
eight Terms by residence within one mile and a half of Carfax as a matriculated 
member of the University. It shall be competent for the Board to allow a Student 
who has with the consent and under the superintendence of the Board so resided for 
the purpose of carrying on his proposed course of study or research for a period of 
forty-two days, not necessarily consecutive, but falling within the same Academical 
year, to reckon such period of residence a3 one Term’s residence : provided that 
(1) no day so reckoned which falls within any Term, shall also be reckoned for the 
purpose of keeping that Term byresidence: and (2) no Candidate who has kept by 
residence the Michaelmas, or the Hilary, or the Easter and Act Terms, shall be 
allowed to reckon in this manner any day that falls within the eight weeks begin¬ 
ning on the first Monday of Full Term in Michaelmas, or Hilary, or Easter Term, 
as the case may be: and (3) no Candidate shall be allowed to reckon in this manner 
more than one such period in the same Academical year: and (4) no Candidate shall 
be allowed to reckon more than four Terms as being kept by residence in the same 
Academical year. 

It shad! be the duty of the Secretary to the Boards of Faculties whenever a 
Term’s residence has been allowed as aforesaid to report the fact as soon as may 
be to the Society of which the Candidate is a member. 

9. The Certificate that a Candidate has, in conformity with the requisitions 
of the Statute, satisfied the Board of tho Faculty of Studies that ho has attained a 
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high standard of merit, shall be signed on behalf of the Board of the Faculty or 
Studies by the Chairman and Secretary. 

The form of the Certificate shall be as follows:— 

1 Boat’d of the Faculty of (or of Studies for ), 

Oxford. (Date.) 

This is to certify that A* B., of College (or of Hall, or Non- 
Collegiate Student), in conformity with the requisitions of the Statutes has completed 
a course of special study (or research) approved by the Board, and has satisfied the 
Board that ho has attained a high standard of merit. 

Signed on. behalf of the Board, 

C. D., Chairman. 

E, F„, Secretary.' 

10. The names of the Candidates to whom Certificates in the foregoing form 
have been granted shall be published in the usual, manner. 

The list of such Candidates shall be drawn up in the following form:— 

Barnes of Candidates who in Term, a.d. have satisfied the Boards 

of Faculties or Studies that they have attained a high standard of merit in a course 
of study or research. 

A, B., of College. 

C. D., of Hall 

E. JB\, Non-Collegiate Student. 

(Signed) G. H., 

Secretary to the Boards of Faculties.' 

To the name of each Candidate in the list shall be appended a notice of the 
course of study or. research which he pursued. 

11. Bach elors of Letters and Science shall rank immediately after Bachelors 
of Civil Law an d Medicine; and, among themselves, according to the date of 
admission to thei r respective degrees in Letters and Science. Provided always 
that no such Bachelor of Letters or Science rank before any Master of Arts, unless 
he himself holds a Master's degree. 

§ 3. Of the Admission, of Candidates for the Degrees of Doctor cf Letters and Doctor 

of Science, and the C onditions of supplicating for these Degrees. 

Candidates may supplicate for these degrees s abject to the following condi¬ 
tions:— 

(1) A Bachelor of Letters may supplicate for the Degree of Doctor of Letters, 
provided that he h as had his name on the Books of some College or Hall or on 
the Register of Non-Collegiate Students for twenty-six Terms. 

(2) A Bachelor of Science may supplicate for the Degree of Doctor of Science, 
provided that he has had his name on the Books of some College or Hall or on the 
Register of N on-Collegiate Students for twenty-six Terras. 

(3) A Master of Arts, who has incepted in this University, may supplicate for 
either of these degrees, provided that he has entered upon the thirty-ninth Term 
from his matriculation. 

(4) Any person who being a Master of Arts of the University of Cambridge 
or Dublin has been incorporated, and any person who being an Undergraduate or 
a Bachelor of Arts of the University of Cambridge or Dublin, has been incorporated 
and has incepted in the faculty of Arts in this University, may supplicate for 
either of these degrees, provided that he has entered upon the thirty-ninth Terra 
from his matriculation at Cambridge or Dublin. 

(5) Any person on whom tho Degree of Master of Arts has been conferred by 
Convocation by decree, other than a degree honoris causa y nvxy supplicate for either 
'of these degrees, provided that he has entered upon the twelfth Term from hi 
admission to that degree. 


(G) When a Candidate under the provisions of the following clause applies for 
the approval of a Board of a Faculty or of Studios, the application for approval 

shall be made through the Secretary of the Boards of Faculties to the Chairman of 
the Board, and shall he accompanied by a Certificate signed by some officer of 

or some person deputed by the. College or Hall or Body to which he belongs and 

showing that his name is on the books of such College or Hall or Body. 

(7) Before supplicating, Candidates for either of these degrees must have 
submitted ».<!»»« <rf their tin* (or the degree to the upprou.l of the Board of the 
■ ^ ° : btudwa t0 ' v,uch their subject belongs. Such evidence shall consist of 

’ 1810 ! papers 0r books > co «taining an original contribution to the advancement 
Of learning or science, and, where possible, at least two copies of such papers or 
books shah be submitted. If the Board approves the evidence, a Certifi Jo shall 

. J t- 1Ve l J be ?* n i date deSCnbing tbo ovideuco approved by the Board, ami 
stating that it is of sufficient merit to entitle him to supplicate for the degree. This 

Certificate shall ne signed by the Chairman and the Secretary, and shall be published 
.() the usua. manner: and it shall be the duty of the Registrar, when a Candidate's 
name is entered for the degree, to ascertain whether the Certificate has been duly 
granted. One copy of each of the papers and books named in the Certificate shall 
remain m the possession of the University for deposit in Bodley’s Library provided 
that no book or paper of which the Library already possesses a copy shall be so 
deposited except with the consent of the Candidate and of the Librarian, unless the 
copy submitted by the Candidate shall be of a different issue or shall contain 
alterations or additions. The Board shall also have power to make and vary from 
time to time such regulations for carrying out the provisions of this clause as it 
may eem expedient, provided that all such regulations and any variations in them 
shall be submitted to the Hebdomadal Council for approval. 

APPENDIX C. 

Chemical Researches now in progress in Oxford, or completed within the last 

year. . 

Lord Berkeley and E. G. J. Hartley, Osmotic Pressure and Vapour pressure 
of concentrated solutions. Part published in Phil. Trans. 

I>rof ' H - A - Miers aQcl Miss Isaac, Investigation of Suporsolubility. Part 
published in J. C. S. 

* H. L. Bowman. Minerologieal Researches, Bowmanite, etc. Mineraloo' 
Journal. 

I. V, Barker. Parallel Growth of Crystals. ..Part in J. C. S. 

* J * E * Marsh md K do J Fleming-Struthers. Organic Compounds of the 
Metallic Cyanides Part in J. C. 8. 05. 

J. R. Marsh and G. Jb. Hood, Study of Iodoso-compouiids. 

tl. E. Marsh, J. G, Burch, and R. de J, Floming-Struthers. Emission 
Spectra of Mercury Salts. 

J. E. Marsh and F. W. Caton. Synthesis of closed rings. 

A. F. Walden. Prozane Derivatives. 

B. Lambert, Conductivity of pure Organic Acids. 

B. Lambert and G. Lilley. Oxidation of Aluminium by water. 

* J. J. Manley. An Accurate Method for determining the Specific Gravities 
of salt solutions. 

V. H. Veley. Action of acids on Methyl-Orange. 

* V ‘ SMgwick and T. S. Moore. Calorimetric Investigations of Tautomeric 
Substances. 

T. S. Moore. Tautomerism of Acyl-Phenols, 

E. Stokes and II. T, lizard. Electrolysis of Concentrated Sulphuric Acid 
with Aluminium Electrodes. 

E. G, Hill, The Hydrolysis of Ammonium salts. 


* Names marked with an asterisk are those of University or College tutors. 
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E. G. Hill. The relation, between Refractive Indices, Conductivities, Bensi- 
ties, and total CfhIori.no iu Sea water. 

IT. B. Hartley and X. G&frod Thomas. Solubility of Triphenyl-methane m 
Organic Solvents, J. C. S. 


* H. 


B. Hartley, N. Garrod Thomas, and M. P. Appiebey. Physical 


The Alkaline 


Properties of Mixtures of Pyridine and water. 

H. B. Hartley, J. P. Huoldebridge, and W. H. Barrett. 

Sulphites. 

H. B. Hartley and N. P. Campbell. Solubility of Iodine in water. 

H. B. Hartley, N. Gar rod Thomas, and %. P. Campbell. Mineralogical 
Investigations. 

N. P. Campbell. Ka te of Growth of Crystals from Solution, 

J. R. Milne. Co nnection between Optical and Electrical Properties of certain 
Solutions. 

* H. 8. Baker. Atomic Weight of Tellurium. ■_ . 

* H B Baker. Dissociation and Association of Dry Nitrogen.rioxide. 

H. B. Baker and M. H. Godby The Isomeric Sodium-Potassium Sulphites. 
H B Baker and G. Lilltv. Inflmnce of Pressure on Chemical Reactions. 

Hi B. Baker and I, C. F.OldMd. Sulphur Monoxide. 

H. B, Baker and H. O. Kershaw. The Metallic Subhalides. 

A. Angel. Cuprous Formate. J. C. S. 

R. T. Lattoy, Vapour Pressures of Binary Mixtures. 

G. Leicester. Derivatives of Fluorindene. 

F. C. Weedon. Magnetic Alloys. 


APPENDIX D 


Chemistsy. 

Chemical Revision, 1850—1860 

Organic Chemistry (Honours Course).... 
Subjects of the Preliminary Examination 


•tereo-ohemistry, (Fee, £1) 

.oils and Organic Chemistry (Forestry Course) 
(Fee £3) ... 


.aboratory Instruction. (Foe, £3 or £5) 


j D - H - 

laboratory Instruction: Physical Che raistry -■ b 


V 

3 > 




Inorganic Chemistry 
Quantitative Analysis 


Waynflete, Professor of Che¬ 
mistry, W. (Idling, M.A.. 

J. Watts, M.A. 

Aldrichian Demonstrator in 
Chemistry, W. W. Fisher, 
M.A. 

J. E. Marsh, M.A. 


B. Lambert, B.A. 

”W, W. Fisher, M.A. 

J. Watts, M.A. 

J. E. Marsh, M.A. 
j A. F. Walden, M.A. 

N. V. Sidgwiek, M.A. 

B. Lambert, B.A. 

D. II. Nagel, M.A. 

1. Bartley,M.A. 
Baker, M.A., D. Sc. 

L. G Kill by, B.A. 

J, J. Mauley, Hon. M.A. 


i 

l 




f G. B. Cronsbaiv, M. A. 
i A. F. ~~ 


lorganic Chemistry (Non-metals) ... *“ j 

rganic Chemistry (General Class-reactions) 
(Fee, £1) ... 

llectro-chemistry 


Walden, M.A. 

Dr. Lee’s Reader in Chemis¬ 
try, H. B, Baker, M.A. 
D. Sc. 


A. F. Walden, M.A. 
T. S. Mooro, M.A. 


Tiamea marked with an asterisk a«' those of University ox College tutors. 
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APPENDIX E. 

JOURNALS. 

* Journal of the Chemical Society (London). 

*Zeitschrift fur physikalisehe Chemie (Leipsig). 

* Leibig’s Annalen der Chemie (Leipsig). 

* Berichte der Dautschen Ghemischen Gesellschaft (Berlin). 

* Central Blafcfc (Berlin). 

* Zeitschrift fur anorganischo) Chemie (Leipsig), 

Annales de Chimio et Physique (Paris). 

Comptes Rendus (Paris). 

Journal of Physical Chemistry (London). 

Journal of Chemical Industry (London).* 

Chemical News (London). 

Journal of American Chemical Society. 

American Chemical Journal. 

.Bulletin 8oci6t6 Chemique de Paris, 

The Analyst (London). 

British Association Reports (London). 

Monatshefto fur Chemie (Vienna). 

BOOKS. 

History*— E. Von Meyer. 

Thorpe (Essays in Historical Chemistry). 

Kopp. 

Alembic Reprints. 

Inorganic *—Roscoe and Schorlemmer,, 

Dammer (Handbuch). 

Mendelficff. 

Ostwald (Principles of Inorganic Chemistry). 

Abeg (Anorganische Chemie). 

Physical .—Vant’ Hoff. (Lectures on Physical Chemistry) Trans. Lehfeldt. 

Ostwald. (Lehrbuch der Allgemeinen Chemie) (in course of publi¬ 
cation). 

Nernst (Theoretical Chemistry). - 

Ramsay (series of books on Physical Chemistry). 

Whet ham. Solutions, 

Rutherford. Radio-Activity. 

Organic *—Beilstein (Handbuch and Supplements), 9 Vols. 

Richter (Organic Chemistry). 

Meyer and Jacobson (Organic Chemistry), New Edition. 

The above are all necessary. 

* Journals marked with an asterisk are indispensable. 



